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N JANUARY, 1934, the new central heating plant 
for government buildings in Washington, D. C., 
was completed and placed in service, the boiler 

equipment consisting of six complete C-E units as 
described below. 


The U. S. Treasury Department specifications for 
these units called for an efficiency of 82 per cent at 
129,000 lb per hr equivalent evaporation and included 
a bonus and penalty clause. 


Tests to determine the ability of the equipment to 
meet the performance specified were begun in the 
early part of this year. The principal data of seven 
official tests are shown in the accompanying table. 
The first column shows the averaged results of five 
tests at 132,497 lb per hr equivalent evaporation and 
the second the averaged results of two tests at 222,209 
Ib per hr equivalent evaporation. These tests were 
made with weighed water and coal in accordance with 
the A.S.M.E. Power Test Code for stationary steam 
generating units. They were conducted under the 
supervision of the U. S. Bureau of Mines. 





$3.48% Efficieney: 


Retort Stokers 









Central Heating Plan 


As Item 13 of the test data indicates, the results ex- 
ceeded the performance specified and accordingly a 
bonus was awarded. 


In addition to these tests, a 5-day endurance trial was 
made during which a steam output of 220,000 lb per 
hr was maintained with 2-hr peaks of 240,000 Ib per 
hr every 24 hours. Thorough inspection of the stoker 
at the end of this run showed it to be in perfect con- 
dition. 


The ability of these C-E Multiple Retort Stokers to 
give low cost as well as dependable and highly efficient 
service is evidenced by plant records for the past 
winter heating season (Oct. 1, 1934 to Mar. 31, 1935), 
which show the maintenance per ton of coal burned 
for all six stokers to be virtually nil. 


These results speak for themselves. They point 
clearly to one conclusion —that this latest design of C-E 
Multiple Retort Stoker is today’s outstanding value in 
the multiple retort stoker field. . . . Combustion En- 
gineering Company, Inc., 200 Madison Avenue, New 
York. 


* Boiler and Furnace Efficiency only 
—No Air Preheater, No Economizer 











PRINCIPAL DATA OF TESTS 
Averaged Averaged 
Results Results 
(5 Tests) (2 Tests) 
a errr eee 22.01 12.09 
2. Water evaporation per hr— 
~~ ar 116,022 194,827 
3. Water equivalent per hr., lb... 132,497 222,209 
4. Coal fired per hr., lb...... ar 11,436 19,862 
Coal Analyses (as fired) 
_  *. a geserrr 76.66 76.12 
a Ser eee 4.50 4.54 
_- = eee 3.15 3.66 
_— 3 =e err 10.06 10.31 
9. Volatile Matter, %........... 24.60 24.40 
TO. FiO CRPDOR,. Foss ccccscccccs 62.19 61.63 
ee BS 13,520 13,370 
Heat Balance—Per Cent 
12. Heat value of coal............ 100.00 100.00 
13. Heat absorbed by boiler....... 83.48 81.42 
= err 16.52 18. 58 
15. Moisture in coal..........00. 0.29 0.35 
16. Water from burning He....... 3.67 3.89 
py ee ee eee 9.72 11.52 
ae ae = eo - soe eon. ot eee 2-2 2a. 
° ° ° 5 . ombpustibdile in fue adust...... ° ow 
Boiler Room, Central Heating Plant, Washington, D.C. Installation includes 20. Combustible in cinders kun 0.09 0.58 
. . . re . . . . Combustible in ash........... : 37 
siz complete C-E units comprised of C-E Sectional Header Boilers, C-E Multiple ry se peck gin RAD 2 0:79 0°80 
Retort Stokers and C-E Furnaces, partially water cooled. Present operating pres- 
sure—200 lb (marimum operating pressure—400 lb). At 200 lb pressure, rated 
maximum capacilty—237,000 lb equivalent; rated continuous capacity—215,000 
lb equivalent. A-242 
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BARTLETT-SNOW STANDARD UNITS CAN 


CONSIDER ULTIMATE ASH DISPOSAL 
. . . . AND ADDED REVENUE TOO 


ARTLETT-SNOW Ash Systems not only 


remove the ashes from the basement ... they 


SAVE YOU TIME AND MONEY 



























handle the ashes at lowest cost per ton...and in 
a manner that insures the receipt of highest mar- 
ket prices from builders and other purchasers. 


Ashes are received from the pivoting ash car 
in a skip bucket that holds the entire contents of 
one car without spillage...and lifted on either 
a vertical or sloping runway to the corrosion re- 
sisting ash bunker. Skip buckets are of ample 
size to handle loose or tightly packed ashes and 
even clinkers, or other large material, that inevi- 
tably work their way into the system. 








Bartlett-Snow Ash Skip Hoists are especially 
designed for the service. They require a mini- 
mum of power—and are exceedingly quiet in 
operation. Hoist engines are straight line driven 
and wholly enclosed. Full details of standard ash 
hoists using 20 cubic feet skip buckets, and special 
sizes, are contained in Bulletin 73. Send for it. 


THE C. O. BARTLETT & SNOW COMPANY 


6208 HARVARD AVENUE CLEVELAND, OHIO 


™ | COAL: Skip hoists, bunkers, weigh larries 
| ASHES: Ash hoppers, skip hoists, bunkers 
Complete coal and ash handling systems 


F 


EXECUTIVES ni STANDARD 
DESIGNERS 4\ ASH SKIP HOIST 
CHIEF ENGINEERS AND BUNKER 


Send for a copy of the new 
Boiler Plant Bulletin No. 73. 
44 pages complete with 44 dia- 
grams, 12 tables, 90 illustrations, 
describes the Bartlett-Snow 
method of securing less costly— § 
more efficient operation. No 
obligation. Write today. 
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Modernize Your Power Fuel 


Are you sure that each type of coal you burn is the best 
suited to the specific job? Are you making the most of the 
economy ‘possibilities of a modernized fuel supply ? 













General Coal Company offers a complete range of brands 
and sizes for every fuel requirement—with all the advan- 
tages of selective buying, with all the savings made possible 
by a centralized source of supply. 

GENERAL COAL COMPANY 


PHILADELPHIA, PA. 


Charlotte, N. C. Cincinnati Pittsburgh 
Boston New York Buffalo 
Detroit Richmond Irwin, Pa. 
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1—Generating Stations 


(Second Edition) 


By ALFRED H. LOVELL 
438 pages Price $4.50 


This is the second edition of Professor 
Lovell’s book which appeared originally 
in 1930. In the intervening period there 
have been some developments in the 
physical aspects of station design, notably 
in the further application of the mercury- 
vapor-steam cycle, some new steam tur- 
bines of special interest, large scale hydro 
projects by the Federal Government, 
further applications of high steam pres- 
sures and high voltage for long-distance 
transmission. These are covered in the 
present edition, but the major change 
calling for revision has been in the eco- 
nomic situation which receives extensive 
attention and has been brought practically 
up to date by the inclusion of statistics 
through 1934. 

The book does not attempt to go into 
much technical detail with regard to the 
design of power stations, but does give 
an excellent exposition of the economics 
underlying such design and deals at con- 
siderable length with the problems of 
central station management. Among 
the subjects covered in this respect are: 
Principles of Corporate Finance; Cost 
of Stations; Depreciation and Obso- 
lescence; Load Curves; Power Plant 
Location; Power Distribution Systems, 
ete. 


2—Corrosion—Causes and Pre- 
vention (Second Edition) 


By FRANK N. SPELLER 
Price $7.00 


This is the second edition of this im- 
portant treatise, first brought out in 
1926. In the intervening period much 
research has been conducted by various 
bodies and individuals on this world- 
wide problem and many reports have 
been published. The most important of 
these have been reviewed in preparing 
the present edition, and the text has been 
revised to bring it in line with present 
knowledge on the subject. The form of 
treatment and classification of factors 
and types of corrosion followed in the 
first edition has been continued in this 
edition. In order to keep the size of the 
volume within reasonable bounds, the 
older sections in many cases have been 
condensed or omitted where better data 
are now available. Therefore, the first 
edition may still be used in conjunction 


700 pages 


— BOOK § 


with this edition for reference on certain 
subjects. The mechanism of corrosion 
is discussed in detail and the practical 
application of preventative measures is 
included. Among the more important 
topics considered are the influence of 
manufacture, the influence of internal 
and external factors, methods of corrosion 
testing, the prevention of corrosion in the 
atmosphere, underground and_ under 
water, deactivation and deaeration and 
stray-current electrolysis. 


3—Manufacture of Seamless 
Tubes (Ferrous and Non- 
Ferrous) 


By GILBERT EVANS 
Price $12.00 


Mr. Evans’ book is the first on the manu- 
facture of seamless metal tubes that has 
been published since 1903. Written by a 
practical man from a practical point of 
view, this volume will undoubtedly re- 
main a standard work on the subject for 
many years to come. 

The book contains exhaustive and 
illustrated descriptions of practically every 
process by which seamless tubes are 
manufactured. Also, much information 
is given, based on first hand experience, 
that will help the tube producer to choose 
the process best suited to particular 
conditions. 

In addition, the author deals with 
warehousing, tools, testing, inspection 
and the general organization of tube 
plants. The book, therefore, should be 
indispensable not only to practical opera- 
tors and metallurgists but also to all 
manufacturers intending to produce seam- 
less tubes. 


187 pages 


4—Air Conditioning and Engi- 
neering 


332 pages Price $5.00 


This exhaustive treatise on the technique 
of the conditioning and mechanical move- 
ment of air has been prepared by the 
Engineering Staff of the American Blower 
Corporation and the Canadian Sirocco 
Company, Ltd. The material has been 
selected and arranged with a view to 
providing a ready reference and con- 
venient handbook for engineers having to 
deal with problems involving air flow 
and the application of air to ventilating, 
cooling, etc. 





COMBUSTION PUBLISHING COMPANY, Inc., 





The book is divided into two sections, 
the first dealing with fundamental engi- 
neering information, charts, tables and 
other data, and the second with equip- 
ment, including dimensions and capacity 
tables. 

Among the subjects treated in Section 
I are heat and steam, the laws of air flow 
and methods of measurement, ducts and 
their arrangement, fans for ventilation 
and for mechanical draft, fan drives, dust 
collection, humidifying and cooling, pro- 
cess drying and refrigeration. 


5—Dissolved Oxygen in Boiler 
Feedwater 


By M. C. SCHWARTZ 


46 pages Price 50 cents 


This pamphlet issued by the Louisiana 
State University Press, Baton Rouge, 
La., describes a refined technique for the 
determination of dissolved oxygen as 
developed at the Louisiana Steam 
Generating Corporation’s laboratory. 
The method is recommended for oxygen 
concentrates under 0.5 ml per liter. 
Section II of this 46-page pamphlet is 
devoted to a selected bibliography on the 
determination of dissolved oxygen in 
water. 


6—Introduction of Mechanics 


and Heat 
By N. H. FRANK 
Price $3.00 


The subject of mechanics and heat at 
an intermediate level is discussed under 
the following heads: fundamental de- 
finitions, linear kinematics of a mass 
point, plane kinematics of a mass point, 
Newton’s Laws, statics of a particle, 
linear and plane dynamics, work and 
energy, potential energy, special dynamics 
of a mass point, dynamics of a system of 
particles, statics of rigid bodies, plane 
dynamics of rigid bodies, special rigid 
motions, planetary motion, gravitation, 
hydrostatics, fluid dynamics, static elas- 
ticity, dynamics of elasticity, acoustics, 
temperature and thermometry, the first 
law of thermodynamics, heat conduction, 
thermodynamics and kinetic theory of 
an ideal gas, the properties of real gases 
and the second law of thermodynamics. 


332 pages 
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EDITORIAL 





Viewing the Utility Situation 


Among the factors that at present stand out in the 
utility situation are: 

1. A test of the constitutionality of the recent holding 
company legislation has already been started in the U. S. 
District Court of Maryland. The trial, decision, appeal 
and final decision by the U. S. Supreme Court are likely 
to take many months—too long to have much bearing on 
immediate engineering requirements. 

2. The S.E.C. and the utility representatives have 
held preliminary conferences pertaining to the adminis- 
tration of the Act, without prejudicing the latter’s 
rights subject to court decision. This step may ease 
the financing of new work in certain instances. 

3. Several companies have already severed physical 
power connections across state lines in order to be free 
from certain restrictions imposed by this legislation. 
If this procedure is widely carried out it will affect the 
adequacy of existing reserve capacity. 

4. The utility load continues to forge ahead. It is 
now about thirteen per cent over that of a year ago, 
has practically equalled the all-time record peak and 
since early summer has been well above the correspond- 
ing load for the banner year of 1929. Moreover, this 
increase is no longer attributable largely to domestic 
load, for industrial load has been fast coming back. 
Diversity and peaks, of course, tell more than total 
kilowatt-hours in judging capacity to meet the load. 

5. Here and there, engineering studies that have 
been dormant for some time are beginning to take the 
form of active projects. 

It appears from the foregoing that resumption of 
normal activity in those branches of the capital goods 
industries affected by central station buying may be 
closer at hand than was anticipated six months ago. 

It is reasonably certain that few, if any, new stations 
will be built in the near future. Present indications 
point to replacement of existing equipment or super- 
position of high-pressure units on existing low-pressure 
equipment. Yet one well-known utility engineer con- 
tends that superposition is only a passing expedient, 
comparable to the low-pressure turbine coupled to the 
exhaust of a reciprocating engine—an arrangement that 
was popular about twenty-five years ago. But the 
low-pressure turbine, by adding capacity and increasing 
economy, performed a very useful purpose, just as 
superposition is likely to accomplish in the immediate 
future, regardless of ultimate trends. 

Another well-known utility engineer and executive is 
reported as strongly adverse to concentration of power in 
large units and large stations. However, most of the 
present utility construction and pending proposals 
involve large units, some larger than heretofore at- 
tempted. 

Such diversity in opinion is wholesome and promotes 
progress which after all is what is needed in a field that 
has been almost devoid of construction for four years. 
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Cross-Drum Boiler Circulation 


This year’s Prime Movers Report on ‘Boilers, Econo- 
mizers, Air Heaters and Piping’’ devotes considerable 
space to the difficulties which operating companies have 
encountered through poor circulation in the upper tubes 
of boilers of the cross-drum type. These difficulties are 
inherent in the type, regardless of the make, where the 
boilers are operated at high pressures and high rates of 
heat transfer; nor are they confined entirely to the 
utility field. The region of water starvation lies in the 
upper part of the upper rows of tubes, near the uptake 
header and manifests itself in excessive metal tempera- 
tures and occasional corrosion. As the load increases 
these dry areas extend downward. 

Various remedial measures have been applied with 
varying degrees of success. These have included re- 
baffling; the insertion of ferrules in the connecting nipples 
which join the upper and lower tube sections; additional 
circulating tubes; and the insertion of cores in the 
tubes that showed faulty circulation. The last-men- 
tioned measure appears to have been successful in 
several instances. 

The problem is receiving careful study by both the 
operating companies and the manufacturers’ engineers. 
Measurements of metal temperatures by thermocouples 
permits the location and extent of dry areas at different 
rates of driving to be determined and other means are 
being employed to indicate reverse circulation. In- 
vestigations have thrown much light on the subject, and 
indicate that our previous conceptions of circulation with- 
in this type of boiler, based on operation at lower pressures 
and lower heat transfer rates, will have to be revised. 

It is significant that the report mentions no circulation 
difficulties with boilers of the bent-tube type. 


Contribution toPiping Knowledge 


The investigations of Lieutenant Dennison at the U. S. 
Naval Engineering Experiment Station on the strength 
and flexibility of corrugated and creased pipe bend forms 
a valuable addition to the earlier studies by Bantlin and 
Karman abroad, Professor Hovgaard at M. I. T. and the 
more recent investigation by Messrs. Cope and Wert of 
the Detroit Edison Company which have been reported 
in papers before the A.S.M.E. 

Employment of higher steam temperatures increases 
the expansion which must be absorbed within the piping 
system and also compels the designer to take cognizance of 
creep. In naval practice where space is usually very 
limited expansion bends must be a minimum; hence the 
interest in corrugated and creased pipe which may be bent 
to a much smaller radius than is practicable for smooth- 
walled pipe and which exert lower forces against the 
anchor points. While naval pressures and temperatures 
are lower than those employed in many land stations, the 
results of this latest investigation contains much that 
can be applied to stationary practice. 





COAL SAMPLING METHODS 





of The Detroit Edison Company 


The automatic mechanical sampling 
devices employed at the plants of this com- 
pany are of the intermittent type, one 
form being used with bucket conveyors 
and the other with belt conveyors. With 
the former a'/,) of one per cent sample 
(35-lb increment) is taken every 7'/, min 
and with the latter a 14-lb increment is 
taken once per minute. A special design 
of riffle box has been developed to elimi- 
nate clogging with wet coal. 


HE vital steps in securing data on the coal which 
i¢ power house consumes are: 

1. Collecting a sample 

2. Reducing this gross sample to laboratory size 

3. Analyzing the laboratory sample 

To illustrate the full importance of performing these 

three steps correctly, consider the case of a large central 
station burning 1000 tons of coal per day. The heating 
value of the coal is usually determined weekly from a 
one-gram sample. Since there are almost a million 
grams in a ton, nearly seven billion grams are consumed 
in the week. Therefore, it is imperative that the greatest 
precaution be used in choosing one portion in seven 
billion on which to base computations of efficiency. 
The problem is further complicated because coal is a 
heterogeneous material to which ordinary sampling 
theories do not apply. Determination of sample size, 
therefore, has been done largely by empirical methods. 


Factors Affecting Size of Sample 


Two major factors affecting the size of sample are 
moisture content and size distribution of the coal. Size 
distribution affects the size of sample, for obviously the 
sample should be larger as the size of the largest pieces of 
coal increases. In addition, the proportion of various 
sizes will have its influence, because pieces of the same 
size may have different properties, variance of which 
depends on the seam from which the coal was obtained. 
Hence, it is necessary that the sample be of such quantity 
that its sieve analysis, as determined by A.S.T.M. 
Designation D311-30, “Sieve Analysis for Crushed Bi- 
tuminous Coal,’’ be identical to that of the whole lot of 
coal. 

Moisture content also influences sampling by affect- 
ing the size distribution. Excessive moisture may in- 
crease the proportion of fines adhering to large pieces 
so that a sample having moisture content higher than 
the average will not have average size distribution. 
Thus a sample, the correct size of which has been deter- 
mined for one moisture value by a sieve analysis, may 
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By A. W. THORSON 
The Detroit Edison Company 








Fig. 1—Automatic coal sampler series riffle at Marysville 
Power House 
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not be the proper size for another moisture value. It is, 
therefore, necessary to consider both size distribution 
and moisture content in deciding on the weight of sample 
to be collected. 


Correct Size of Hand Sample 


The A.S.T.M. Standard Designation D21-16, ‘“Method 
for Hand-Sampling of Coal,” prescribes a sample 0.1 of 
one per cent by weight of the coal it represents. Where 
small trial lots of coal are tested, it is necessary to take 
this size of sample. However, a different condition 
arises when a large quantity of coal from one source is 
being burned continuously. Crushing and thorough 
mixing in the coal preparation equipment reduces the re- 
quired size of sample. Tests performed by The Detroit 
Edison Company showed that for such conditions, a 
sample of 0.01 of one per cent, carefully obtained from 
the stoker hoppers, gave analyses equivalent to those 
obtained from a 0.1 of one per cent sample. As a result, 
hand samples at the power houses of the Company were 
reduced to a minimum of 0.01 of one per cent of the coal 
burned. 


Correct Size of Mechanical Sample 


With the advent of mechanical sampling methods, 
however, a new problem arises as to the correct size of 
sample to be collected. Two methods present them- 
selves; (1) continuous sampling of a portion of the cross- 
section of the coal stream, and (2) intermittent sampling 
of the entire cross-section. The choice of the second 
method is inevitable unless the coal be so finely crushed 
that there is no variation in size or properties over the 
cross-section of the stream. This condition is not en- 
countered even in a pulverized coal stream. 

A gross sample collected by the intermittent method 
must consist of a number of increments of equal weight 
taken at equal increments of time. Thus, decision as 
to the proper weight of sample-resolves into determina- 
tion of the size of the increments and of the frequency 
with which they are collected. It is self-evident that if 
an increment is to represent anything, it must be large 
enough so that its size distribution equals that of the 
lot of coal. The minimum weight of increment can 
therefore be determined by experiment. The frequency 
of sampling, however, may not be so easily decided upon. 
If the properties of a given size of pieces vary, the greater 
the frequency, the more accurate the sample. As one 
cannot take an infinite number of increments, the mini- 
mum allowable number must be determined experi- 
mentally for each case, depending on the kind of coal, 
its size and the desired degree of accuracy. 

The remainder of this article is devoted to a descrip- 
tion of the equipment used in the mechanical sampling 
of coal in the power houses of The Detroit Edison Com- 
pany. 

Automatic Coal Samplers 


In developing mechanical sampling devices, the neces- 
sity was seen for two types because both belt and bucket- 
conveyors are in use in the power houses. 


Bucket Conveyor Type 


The Peck type carrier, from which it was decided to 
obtain samples, consists of a chain of buckets of rec- 
tangular, horizontal section and parabolic, vertical sec- 
tion. Each bucket is fastened to the chain by pivots 
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Fig. 2—Coal sampler bucket, vertical section reduced 


at the top center of the two ends, and is dumped by cams 
on the bottom which strike their followers over the 
hopper that feeds the coal bunkers. 

To obtain a sample increment, it was necessary merely 
to replace the standard cams on a bucket with special 
ones and install trippers over the sample collecting hop- 
per to strike these cams. The sampling hopper could 
thus be located at any accessible point along the hori- 
zontal run of the conveyor. Since there are approxi- 
mately 170 buckets to the chain, one sample bucket 
would give 0.6 of one per cent gross sample which was 
much too large. Consequently, a false bottom was 
placed in the sampler bucket to reduce its capacity. 
This was accomplished by reducing the vertical section 
in one case, as shown in Fig. 2, and the horizontal sec- 
tion in another, as in Fig. 3, with equally good results. 
By determining the sieve analysis of the samples from 





Fig. 3—Coal sampler bucket, horizontal section reduced 
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various bucket capacities and comparing each with a 
large sample containing approximately the same moisture 
content, the minimum permissible size of sample incre- 
ment was found to be about 25 lb. One sampler bucket 
per chain, giving a sample of about 0.1 of one per cent 
by weight of coal fed to the bunkers, was found to give 
a representative gross sample where a continuous supply 
from the same sources was being consumed. However, 
where test shipments of a few cars of coal are sampled, 
it has been found advisable to collect three increments 
per chain, or about 0.3 of one per cent, in order to insure 
a representative sample of the lot. This was solely 
to increase the frequency and not the sample weight. 
At the power house where the test coals are received, 
extra riffles are used in the series to reduce the larger 
gross sample to laboratory size for normal coal, and 
these are by-passed when sampling test coal. 

This sampling device is shown schematically in Fig. 4. 
Coal dumped into the sample hopper is piped to the 
rotary crusher where it is reduced in size to'/,in. The 
sampling slot of this crusher retains about 5 per cent, 
which portion is piped to the series riffle box, shown in 
Figs. 1 and 5. Lack of symmetry about the vertical 
axis of these riffles is the result of experience with wet 
coal. The conventional design clogged badly when coal 
with excessive moisture was encountered and the change 
in design presents a nearly vertical path to the flow of 
coal and clogging is thereby eliminated. The last riffle 
in the series of standard design, divides the retained 
sample and deposits the two portions in two aluminum 
containers with dust-tight covers. The number of 
rifles and size of containers are regulated so that the 
cans will hold one day’s collection of sample. At the 
end of the day the two cans are removed, and metal 
covers with expanding rubber gaskets are used to seal the 
samples, allowing no air space above the coal. One of 
each daily pair of samples is sent to the laboratory and 
the other is held in reserve until the analyses have been 
received. The samples thus obtained are used for all 
determinations including moisture. 
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Fig. 4—Diagram of automatic sampler for bucket conveyor 
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Fig. 5—Details of riffle 


This device is entirely automatic in operation as the 
sample crusher motor is interlocked electrically with the 
conveyor motors. The only attention normally required 
is the removal and replacement of the sample cans at 
the end of the day, except in cases where rubbish and 
extremely wet coal may at times plug the system. 


Belt Conveyor Type 


A relatively simple device was worked out for the 
bucket conveyor, but the design of that for the belt 
conveyor is more complicated. It is, of course, desirable 
to locate the sampler where the cross-section of the coal 
stream is a minimum in order to reduce the size of sam- 
pling device required and the weight of sample increment. 
In this particular installation, no location ahead of the 
belt conveyor was available. It was deemed inadvis- 
able to sample from the belt itself, for any device for 
dipping the coal from the belt must scrape the belt to 
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Fig. 6—Diagram of automatic sampler for belt conveyor 
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Fig. 7—View of automatic sampler, coal crusher 
and riffle box in Trenton Channel Power House 
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obtain the entire cross-section, there- 
by damaging it. The logical loca- 
tion, therefore, was just under the 
head pulley where the coal stream 
leaves the belt and dumps into a 
hopper. 

The sampling device developed 
for this location is shown on the 
schematic diagram, Fig. 6. An oscil- 
lating sampler scoop, details of which 
are shown in Fig. 8, traverses the 
coal stream with suitable speed to fill 
completely just as it leaves the 
stream of falling coal. It returns 
and dumps into the sample hopper 
whence crushing and riffling are done 
as with the bucket conveyor samplers. One of these 
crusher and riffle installations is shown in Fig. 7. 

The scoop design shown is the result of a number of 
experiments to determine the proper size and shape 
which would give the correct sieve analysis and which 
would collect a sample representing the entire cross-sec- 
tion of the coal stream. The capacity of this scoop is 
about 14 Ib of 1!/2-in. crushed coal. 

The sample scoop is driven by a one-horsepower, 
constant-speed motor through an adjustable-speed trans- 
mission and worm-gear reducer to a cam. This cam is 
so shaped that one revolution moves the scoop through 
one complete cycle of operation. The speed of the cam 
is controlled by adjustment of the transmission device. 
At present, the cam is rotating about one revolution per 
minute, causing the scoop to make an oscillation in ap- 
proximately one-half minute and remain over the sample 
hopper the remainder of the period. The axial position 
of the scoop is controlled by a crank bolted to each end 
of the scoop which engages stationary guides. These 
guides cause the scoop to pass through the coal stream 
in an upright position and then to dump into the sample 
hopper. These details are shown in Fig. 9. 
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Fig. 9—Details of drive for belt-conveyor type sample bucket 
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This device has operated satisfactorily, with the ex- 
ception that extremely high moisture content caused the 
coal to stick in the scoop. The difficulty was remedied 
by installing two small hammers which strike the scoop 
just after it dumps. These hammers are pivoted from 
a rod fixed above the dumping position of the scoop and 
are held in suspension by a spring. The scoop mecha- 
nism trips this spring as it reaches the end of its travel. 

The gross sample obtained by this device is composed 
of 14-lb increments taken about one minute apart. 
This constitutes approximately 0.1 of one per cent of the 
coal passing the conveyor. The weight of increment 
and sampling frequency were determined by the same 
methods as were employed for the bucket-conveyor 
samples, and give about the same size of gross sample, 
as would be expected. 


Summary 


The correct weight of a coal sample depends principally 
on the size of the largest pieces, the size distribution or 
sieve analysis, and the moisture content of the coal to 
be sampled. 

There are two common methods of collecting a sample: 
(1) continuous deflection of a portion of the coal stream, 
and (2) intermittent deflection of the entire coal stream. 
The latter is the more desirable method. 

In sampling by the intermittent method, two quanti- 
ties must be decided upon: first, the weight of each 
increment, which must be sufficient to have the same 
sieve analysis as the lot of coal being sampled, and second, 
the frequency of collecting increments, which must be 
sufficient to account for variations in the properties of 
any one size of pieces. 

Using these fundamentals as a guide, two automatic 
sampling devices described in detail were developed—one 
for bucket conveyors, and one for belt conveyors. 

The correct size of sample for the bucket conveyor 
was found by experiment to be about 0.1 of one per cent 
of the coal consisting of 35-lb increments of 11/2 in. 
crushed coal taken every 7.5 min. For the belt-conveyor 
type also, 0.1 of one per cent was decided upon, consisting 
of 14-lb increments of 1!/. in. crushed coal taken once 
per minute. 


T. I. Phillips has been appointed General Works 
Manager of the Westinghouse Electric & Manufactur- 
ing Company. He has been associated with that com- 
pany, in various capacities, since 1915 and succeeds 
C. H. Champlain who has been forced by prolonged 
illness to relinquish his duties. 


W. P. Saunier, formerly with W. S. Barstow & Co., is 
now with the Cambridge Electric Light Company, 
Cambridge, Mass. 


David J. Champion, President of the Champion 
Rivet Company, Cleveland, O., and well known in the 
boiler manufacturing field, died on Sept. 10, 1935 at 
the age of seventy-five. 
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DISTRICT STEAM HEATING—II 


In the September issue, the writer dis- 
cussed the general background and out- 
lined the unfavorable conditions under 
which district steam heating labored up to 
1920, and the betterment of those condi- 
tions between 1920 and 1925. Data and 
curves were presented showing the very 
satisfactory growth in sales and earnings 
of a number of the companies, several 
showing increasing sales right through the 
depression period. The present article 
shows further the beneficial effects of 
changes in sales policy and improvements 
in operating practice; rates and load factor 
are discussed as well as by-product elec- 
tricity. The economics of the physical 
aspects of steam generation and distribu- 
tion will be taken up in the final article 
next month. 


URING 1923-24-25, there was a growing conviction 
) that steam heating was in reality steam service; 

that an aggressive sales campaign would convince 
its customers that it possessed many real advantages; 
and that it paid to give the customer real service and 
cooperation along with the steam. 

Sales efforts have been gradually familiarizing custo- 
mers with the economic use and great convenience of 
steam service. Among the advantages stressed are the 
betterment of public health through reduction of smoke; 
a reduction in the amount of dirt and dust which open 
truck loads of coal and ashes spread upon the streets; 
a reduction of fire hazard; the value of basements for 
additional sales and storage space, cafeterias, barber 
shops, etc.; and the values, tangible and intangible, 
which such service gives over and above the mere cost 
of coal required for private steam generation. Expe- 
rienced service engineers and automatic control devices 
have, in some cases, effected reductions in customer’s 
steam consumption of as much as 50 per cent. 

These efforts resulted in very greatly improving the 
status of many of the companies. The results for three 
companies averaged for the years 1924-25 and for 
1928-29, are shown in Table IX. 


TABLE IX 
Average for Three Companies for 1924-25 and for 1928-29 
Steam Sold Avg. Gross Avg. Net Avg. Avg. 
Years 1000 M Lb Income Income Op. Ratio Rate 
1924-25 3405 $3,277,000 $1,363,000 0.58 $0.96 
1928-29 5094 $4,491,000 $2,500,000 0.45 0.88 
Increase 57.5% 37.5% 83.5% 
Lo ee er ee 29% 8.4% 
Average of the 4 Years 
1 “ 
loneene 4250 $3,884,000 $1,932,000 50% $0.91 
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During this period, the ten companies included in 
Group 3 of Table V', showed the following growth (Table 
IX-A): 


Table IX-A 
Steam Sold Avg. Gross 
Years 1000 M Lb Income 
1924-25 6975.7 $5,840,000 
1928-29 9471.8 $7,842,200 
Increase 35.8% 34.1% 


The 1924-25 period was a long step forward from 1920, 
and shows the beneficial effects of the change in policy, 
in sales effort and in operating practice during that four- 
year period. The investment can be approximately cal- 
culated by using a figure of $4.00 investment per $1.00 
of gross income. 

Major additions to plant and distribution systems 
were made during the years 1924-25 to 1928-29: as 
these additions were based upon the rate of growth 
established prior to and during these years, there was 
unsold capacity available in 1929, with the result that 
the investment ratio became approximately 5 to 1 rather 
than 4 to 1. The average investment and average net 
income expressed as a per cent return on the investment 
is shown in Table X. 


TABLE X 
$ Invest. per Total Net Income as 
Years $ Gross Inc. Investment % Return 
1924-25 $4.00 13,150,000 10.4 
1928-29 5.00 22,500,000 11.1 
Increase 71% 
Average of the 4 Years 
igae-a0 5.00 19,500,000 10.1 


During this period, the investment increased 71 per 
cent, or $9,350,000., and the net income $1,137,000. 
Despite the fact that this large increase in investment 
resulted in a considerable amount of unsold capacity in 
1928-29, the returnon thisadditional investment amounted 
to practically 12 per cent, and if this surplus capacity 
had been sold, so that the investment ratio had been 
brought down even to $4.50 per $1.00 of gross income, the 
return would have been 14.8 per cent as shown below: 


Gross income would have been $5,000,000 

Net income would have been $2,750,000 

The averages for these three companies can be taken as 
being a fairly representative cross-section of steam ser- 
vice to various types of customers, from small, low load 
factor space-heating customers, to large industrial plants 
using steam for process work throughout the year, in 
addition to space heating, with a yearly load factor of 
40 to 50 per cent. 

With the figures of 1924-25 and 1928-29 as a basis, 
Table XI gives the financial results for such an average 





1 See the first article of this series, Comaustion, September 1935. 


15 








company, set up on the following fundamental data: 


Income per 


Period Investment Ratio $1.00 Invested 
First 5 yr. $5.00 per $1.00 $0.20 
Next 10 yr. 4.75 per 1.00 0.21 
Last 10 yr. 4.50 per 1.00 0.22 


Operating ratio 50 per cent 
Average rate per M lb $0.90 
Total investment $19,500,000 financed on the basis 
of approximately 60 per cent first mortage 5 per cent 
sinking-fund 25-year bonds, callable at 102, bond dis- 
count $500,000 and 40 per cent common stock; the 
bond discount to be written off in 25 years. 


5 per cent sinking fund bonds issued...... $12,000,000 
SI CEE os vccccne peewee yeee $ 8,000,000 


Period Gross Income Net Income 
First 5 yr $3,900,000 $1,950,000 
Next 10 yr. 4,095,000 2,047,500 
Last 10 yr. 4,290,000 2,145,000 


Taxes taken at 12¢ per $1.00 gross income. 


Accumulated surplus after dividends and in excess of 
$500,000 is to be reinvested to yield 4 per cent, and this 
income added to surplus. Total payments for sinking 
fund, bond discount and taxes are as follows: 


First 5 yr. Next 10 yr. Last 10 yr 


TD, ooo os ech exte sete $489,600 $489 600 $489,600 
Bond discount.......... 20,000 20,000 20,000 
OR 566-0: 58S S08 468,000 514,800 


491,400 


$1,024,400 
2,145,000 


$1,001,000 
2,047,500 


$977,600 
Net operating income... 1,950,000 
$972,400 $1,046,500 $1,120,600 


Net before interest. . 
TABLE XI 
Earnings Based on Averages for 1924—-25-28-29 
Figures Are in $1000 
: 4% 
Int. on Acc. 
Bonds Bond Net Dividend Accum. Surp. over 
Year Outstand. Int. to Stock $ &% Surplus $500,000 
] $12,000 $600 $372.4 $320 4 $52.4 
2 11,520 576 396.4 320 4 128.8 
3 11,040 552 420.4 400 5 149 2 
4 10,560 528 444.4 400 5 193.6 
) 10,080 504 468.4 400 5 262.0 
6 9,600 480 566.5 480 6 348.5 
7 9,120 456 590.5 480 6 459.0 
Ss 8,640 432 614.5 480 6 5938.5 
9 8,160 408 638.5 480 6 755.7 3.7 
10 7,680 384 662.5 480 6 948.4 10.2 
11 7,200 360 686.5 480 6 1172.7 17.8 
12 6,720 336 710.5 480 6 1430.0 26.8 
13 6,240 312 734.5 480 6 1721.6 37.1 
14 5,760 288 758.5 480 6 2048.9 48.8 
15 5,280 264 782.5 480 6 2413.2 61.8 
16 4,800 240 880.6 560 7 2810.3 76.5 
17 4,320 216 904.6 560 7 3247 .4 92.5 
18 3,840 192 928.6 560 7 3725.8 109.8 
19 3,360 168 953.6 560 7 4247.4 129.0 
20 2,880° 144 976.6 560 7 4814.0 150.0 
21 2,400 120 1,000.6 640 8 9347 .4 172.8 
22 1,920 96 1,024.6 640 8 5925.5 193.5 
23 1,440 72. 1,048.6 640 8 6550.6 216.5 
24 960 48 1,072.6 640 8 7224.7 241.5 
25 480 24 1,096.6 640 8 7950.3 269.0 
$18,733.0 $12,640 6.32 Avg $1857 .3 


In the calculation of Table XI note the following 
points in which it has been conservatively estimated. 

1. The lowest investment ratio used was $4.50 per 
$1.00 gross income, whereas experience has shown that 
where the construction costs are not abnormally high, 
this ratio becomes more nearly + to 1 when the system 
becomes fully loaded. This means that the income per 
dollar invested in the last 10 years would be nearer 
$0.25 than $0.22, and the gross income increased some 
$500,000 per year. 

2. A 2 per cent premium has been set up for calling 
the bonds; with sinking-fund bonds issued serially, this 
would be unnecessary. 

3. For bonds of this type, $500,000 bond discount 
for a $12,000,000 issue is excessive: 2'/2 per cent discount 
should be entirely sufficient. 

4. The accumulated surplus is reinvested in other 
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securities paying only 4 per cent: much of this money 
can generally be reinvested in extensions to the property 
and earn a much higher return. 

Even with these conservative factors, at the end of 
the 25-year period the surplus is sufficient to pay a 100 
per cent common stock dividend in cash or securities, 
after paying an average of 6'/; per cent regular dividends 
throughout the period, leaving the property in well main- 
tained and going condition in the hands of the common 
stockholders, free and clear of incumbrances. Just 
how much more than this the common stockholder 
would be permitted to earn, is a question which would 
probably have to be settled by the Public Service Com- 
missions; the additional earning capacity present in this 
analysis would, perhaps, be used to better advantage in 
making rate reductions» 


Rates and Load Factor 


By 1924 the average rate per 1000 lb at which steam 
was being sold was pretty well stabilized for the indi- 
vidual companies, although the rate varied over quite a 
wide range between different companies. A number of 
factors account for this variation in rates between dif- 
ferent companies; those principally affecting the average 
rate at which the entire output of a company is sold 
are: 

a. THE PRICE OF FUEL.—This is the largest single 
item in the operating cost. 

b. THe ANNUAL Loap Factor.—With an_ invest- 
ment of approximately $4.50 per $1.00 of gross business, 
the fixed charges (made up of depreciation, taxes, in- 
terest and dividends to the stockholder) total up to an 
amount approximately equal to the total operating costs. 
The higher the load factor, the lower these charges be- 
come per 1000 lb of steam sold, since more steam is sold 
in the course of a year from a given total investment. 

c. AVERAGE YEARLY CONSUMPTION PER CUSTOMER. 

-All modern rate systems, of whatever type, are de- 
signed to give automatically the large consumer a lower 
rate per 1000 lb than the small consumer; hence, the 
larger the customer the lower the rate, with generally an 
improvement in the load factor and net income. 

The N.D.H.A. proceedings show that for 1929 the rates 
of thirty-nine different companies varied between $0.52 
and $1.15 per 1000 lb with coal prices varying between 
$2.26 per ton for coal running 13,050 Btu to $7.60 per 
ton for coal running 13,000 Btu per lb; and with annual 
load factors varying between 16 and 42 per cent; and 
with the average yearly consumption per customer vary- 
ing between 108,000 Ib and 9,235,000 Ib. 

With these three factors varying over such wide limits, 
it is quite natural that the average rate should vary 
widely between companies. In a few cases, certain local 
conditions, sometimes of a political nature and sometimes 
due to a low price basis having become too firmly estab- 
lished, are the controlling factors. 

The rates of these 39 different companies fall into the 
following classification: 

Avg. Rate 


No. of Companies Total Sales 1000 (M) Lb 


$1.00 and above 5 3,584,494 
0.90 to $1.00 10 12,034,579 
0.80 to 0.90 9 4,478,530 
0.70 to 0.80 8 2,696,566 
0.59 to 0.70 4 4,252,684 
0.50 to 0.59 3 1,893,833 

39 28,940,686 
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Of the total steam sold, 54 per cent is sold at an average 
rate of $0.90 per M lb or higher, and only 4.1 per cent is 
sold at less than $0.59. 

A very large proportion of the companies use the so- 
called block rate, in which the rate for the first 100,000 
lb used per month is high, for the next 100,000 lb some- 


what lower and so on by successive steps. About 1926 
a few companies put in an “‘optional demand rate,’’ and 
the outstanding development in the rate situation for the 
past ten years has been the growth in the adoption of 
this form of rate. 

Because the demand rate requires the installation of 
quite expensive metering equipment, it is not adaptable 
to the small consumer whose yearly bill does not warrant 
the heavy investment in metering equipment with its 
relatively high maintenance and operating cost. For 
the large consumer, however, especially where steam is 
used for other purposes than space heating, its use is 
becoming more general. The demand rate is based upon 
the fact that the customer who uses a large amount of 
steam in the course of a year from, say, 100 hp of boiler 
capacity and distribution capacity, reduces the fixed 
charges per 1000 lb of steam, as outlined in paragraph 5 
above, and hence is entitled to a lower rate than a cus- 
tomer who requires the same maximum demand in boiler 
horsepower and distribution capacity but uses only half 
as much steam in the course of a year. 

For example, two customers may each have a maximum 
demand of 6000 Ib of steam per hour, each requiring the 
same investment in steam generating capacity, distri- 
bution line capacity, etc. One customer, with a load 
factor of 50 per cent will use 15,840,000 lb of steam per 
year, while the other with a load factor of only 25 per 
cent will use only 7,920,000 lb per year; the fixed charges 
on the investment per 1000 Ib of steam will be only half 
as much for the 50 per cent load factor customer as for 
the 25 per cent load factor customer. The demand rate 
is designed so as to give automatically the high load 
factor customer the lower rate. 

This rate, from the viewpoint of the utility, also has 
the advantage of enabling the utility to compete more 
effectively with the isolated plant, and to get business 
which, under the block rate system, it would be unable 
to secure. It also makes possible taking on summer busi- 
ness at a rate attractive to both the user and the utility. 


Reports Show Improved Load Factor 


There has been a striking improvement in the annual 
load factors of the companies reporting to the N.D.H.A. 
In 1925 only 3 of the twenty-six companies reporting, 
or 11.5 per cent, showed a load factor higher than 27 per 
cent, the highest reported being 31.2 per cent. In 1929, 
twenty-five out of thirty-nine companies reporting, or 
64 per cent, showed a load factor higher than 27 per cent, 
the highest reported being 42 per cent. As the load factor 
has increased, there has been an accompanying lowering 
of average rates. 

Under this rate system, the demand is usually deter- 
mined during December, January and February and it 
becomes worth while for the customer so to operate his 
heating and other steam using equipment as to keep the 
maximum amount used in any one hour during these 
months as low as possible. The improvement in load 
factor as noted is probably due as much to existing 
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customers having improved their load factor, as to new 
high load factor customers having been taken on. 


Relation of Electric Service and Steam Service 


A study of the relative magnitude of electric service and 
steam service for customers of different sizes and types 
brings out some very interesting comparisons. 

The electric utilities have found, as a rule, that any 
department store, hotel or other prospective customer us- 
ing around eight to ten million pounds of steam per year 
or more, and with an average electric demand, is in the 
competitive class; that is, such a customer may be able 
to generate his own steam and electricity at a cost 
comparable to the price at which the utility can supply 
it. It has also been found that if the customer has to 
generate his own steam, the additional cost of generating 
his current compares favorably with the utilities price, 
unless the electric load is greater than is usually the case, 
or the summer electric demand rather high. 

A study of some forty odd customers in the competitive 
class, purchasing both steam and electricity, including 
department stores, hotels, office buildings, factories and 
other miscellaneous users, located in several of our larger 
cities, gives the following averages: 


Total income, steam and electricity. .. $1,750,000 


Per cent of total from steam sales......... 55.5% 
Per cent of total from electric sales. . ; 44.5% 
Average rate per 1000 lb steam...... Piet aaa a 91.5¢ 
Maximum rate per 1000 lb steam.......... 112.0¢ 


Minimum rate per 1000 lb steam... 55 
pS eee eee , ; 2 
Maximum rate per kwh............. 7 6.78¢ 
Minimum rate per kwh.............. 1 


The maximum and minimum figures do not mean much 
unless the load factor, type of rate used and other data 
are considered in connection with the rate. They are 
given mainly to indicate the wide range of conditions of . 
operation of the customers’ equipment, within which 
combined sales of electricity and steam can be made. 

In the past, the opinion has been rather widely held 
that if the customer's cost of steam amounted to 60 per 
cent or more of his total combined steam and electric 
cost, it was very difficult for the utility to compete 
successfully. The following figures show quite con- 
clusively that such is not the case: 


For 3 customers steam is 80% or more of the total 
For 7 customers steam is 70 to 80% of the total 
For 11 customers steam is 60 to 70% of the total 


For 10 customers steam is 50 to 60% of the total 
For 10 customers steam is 40 to 50% of the total 
For 5 customers steam is 30 to 40% of the total 


The twenty-one customers whose steam cost is 60 per 
cent or more of the combined steam and electric cost, 
use approximately 44 per cent of the total steam sold to 
all of the customers. In other words, the utilities which 
were in a position to render both steam and electric 
service, were actually selling almost half of their large 
customer sales to customers generally considered as being 
very difficult prospects to sell either steam or electricity. 

Equally important is the fact that the steam sales 
formed 55 per cent of the total combined sales of both 
steam and electricity, and that most of the electricity 
could not have been sold unless steam had been available 
to sell along with it. These facts indicate ‘that combi- 
nation sales are just as necessary to day as they were 
twenty-five years ago, when the utilities were forced in- 


17 








to the steam business. The returns on the steam business 
today are, however, far more satisfactory, and the steam 
business is standing on its own feet to a greater extent 
than ever before. The downward trend of electric rates in 
the past twenty years, has made it possible to raise 
steam rates to a point commensurate with the value of 
the steam service, and yet leave the charge for combined 
steam and electric service well within the limits of the 
competitive field. 


Generation of By-Product Electricity 


There appears to have been a trend toward more gen- 
eration of by-product electricity in recent years, together 
with the distribution of both high- and low-pressure 
steam. The N.D.H.A. reports show that in 1929 there 
were fourteen companies distributing both high- and low- 
pressure steam, with five companies distributing only 
low-pressure steam. The results for these companies 
were as follows: 








No. M Lb Steam Sold 1000 Kwh Kw > Steam 
Co Ex. St. Live St. Generated Capacity per Kwh 
14 4,629,502 4,168,114 147,520 68,675 31.4 

5 738,672 0 20,982 26,350 35 

19 5,368,174 4,168,114 168,502 95,025 32 


The possibilities of this by-product generation when 
using modern equipment now available, are much greater 
than shown above. The average water rate of 32 Ib 
per kwh can be reduced at least one-third when pressures 
of the order of 400 lb are used with a moderate degree 
of superheat. 

These modern developments in power plant equip- 
ment and in the distribution system, their effect upon 
the general problem of selling either steam alone or com- 
bined steam and electricity, will be discussed in the next 
and concluding article. 


Don S. Walker Becomes 
District Sales Manager 


Don S. Walker has lately been appointed District 
Manager in the Philadelphia office of Combustion En- 
gineering Company Inc. 


In this capacity he will be 
responsible for sales in both 
the Philadelphia and Wash- 
ington territories. After 
graduation from the U. S. 
Naval Academy in 1919, 
Mr. Walker subsequently 
joined D. H. Skeen & Com- 
pany of Chicago as sales 
engineer, later becoming 
vice president. Shortly 
thereafter he also became 
president of the Mercon 
Regulator Company, a sub- 
sidiary of D. H. Skeen & 
Company and in January 
1924 resigned to become 
president of the Illinois Barge Line Company which was 
later merged with the John I. Hay Company of which 
he was made vice president and chief engineer. He 
joined Combustion Engineering Company in December 
1934. 
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Prevention of Clogging with Plate Type 
Air Heaters 


The recent Prime Movers Report on “Boilers, Econo- 
mizers, Air Heaters and Piping”’ contains a statement by 
the Milwaukee Electric Railway and Light Company de- 
scribing an ingenious method of preventing clogging in its 
plate type air heaters. Continuous operation without 
cleaning of four 77,500 sq ft plate type air heaters, when 
burning midwestern coal of high sulphur content, was 
made possible by attention to minimum metal tempera- 
tures. Referring to the accompanying sketch, the left- 
hand section illustrates the usual clogging process, while 
that at the right shows how clogging was prevented by in- 
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after firet gas epaces become —~| | 
clogged, due to low metal 
temperature from first gas 
space. When third gas spaces 
clog, pressure drop through 
air heater becomes too high, 
(50% clogged) and cleaning is 
necessary. 
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sulation applied at the top to increase the metal tempera- 
ture. Tests and actual experience have demonstrated 
that elimination of the low temperature at the inlet end 
of the plates, by the application of insulation, has pre- 
vented initial clogging which, if permitted to start, will 
extend across the bottom of the heater. The critical 
metal temperature in economizers and air heaters below 
which hygroscopic sulphur deposits occur appears to be 
210 F. 


To Inspect Power Plant of 
the ‘‘Normandie”’ 


Arrangements have been made for a meeting of the 
Metropolitan Section (New York) of the A.S.M.E. on 
October 22nd at 6:30 p.m. in the theater of the super- 
liner ‘‘Normandie’”’ which will be in port at that time. 
Jean Hazard, Chief Engineer of the ship, will present a 
paper on its propulsion following which there will be an 
inspection of the power plant. The theater has a ca- 
pacity of only 400 and passes to the vessel must be ob- 
tained from the A.S.M.E. in advance. 
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These investigations were conducted at 
the U. S. Naval Engineering Experiment 
Station, Annapolis, Md., under the direc- 
tion of the Bureau of Engineering and a 
dissertation on the subject was submitted 
to Johns Hopkins University in connection 
with advanced work by the author. This 
article, which outlines the procedure and 
summarizes the results, was prepared for 
COMBUSTION by request. The complete 
report, including details and mathemati- 
cal analyses, was submitted to the Ameri- 
can Society of Naval Engineers and covers 
ninety pages in the August 1935 issue of 
itsJournal. Theconclusions derived from 
the investigations are that, while corru- 
gated and creased pipe may be bent to 
smaller radii than smooth-walled pipe 
and the forces exerted against anchor 
points by expansion are low, the factors 
which operate to increase flexibility also 
operate to increase the stress, especially 
where the pipe is subjected to cyclic va- 
riable stress. 


HE trend toward rising steam temperatures in 
modern power plants has brought with it many 
problems of design. One of these concerns suitable 

means for caring for steam pipe-line expansion. Failure 
to provide properly for pipe-line expansion may lead to 
excessively high reactive forces on turbine casings, boiler 
drums or other anchorage points, leaky flanges or danger- 
ously high stresses in the pipes themselves. 

There are several generally accepted methods for pro- 
viding for pipe-line expansion such as swivel joints, slip 
joints, expansion joints and configuration of the piping 
system itself. Swivel joints find application principally 
with low pressures and temperatures and with small 
pipe sizes. Slip joints involve the use of packing and 
stuffing boxes and are seldom used at temperatures ex- 
ceeding 400 F. Expansion joints are generally incapable 
of absorbing much movement and are usually installed 
when rubber or copper might successfully be emploved 
in their construction. For designs involving high tempera- 
tures and pressures, expansion is usually cared for by 
the deformation of the pipe line itself. For this purpose 
use is made of the familar expansion bend or by changes 
in direction of the run of piping. If there is considerable 
expansion to be absorbed and if the reactive forces are 
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to be kept within conservative limits in order not to ex- 
ceed safe stresses in the piping or to prevent excessive 
thrust against machinery, the providing of a sufficient 
number of expansion bends or changes in the direction 
of piping may require a prohibitive amount of space. 

Corrugated piping and creased-bend piping have been 
proposed as an answer to this problem. Both of these 
pipe shapes may be bent to a considerably smaller radius 
than smooth-walled pipe of corresponding diameter. 
The corrugated shape, and to a lesser extent the creased- 
bend shape, are more flexible than similar bends formed 
from smooth-walled pipe. Hence it is possible, using 
these shapes, to reduce the reactive forces associated with 
pipe-line expansion. Although several investigators have 
studied and reported upon the flexibility of corrugated 
and creased-bend piping there has been a lack of in- 
formation concerning the strength of such pipe construc- 
tion. 

It may generally be assumed in designing steam pipe 
lines that the anchorage points are fixed and that all 
expansion which would result from the heating of the pipe 
line is forced back into the piping system. The amount 
of force required to thus deform the piping system is a 
function of the flexibility of the system. 

It has been claimed for corrugated and creased-bend 
pipe that since shapes bent from piping of this construc- 
tion are more flexible than corresponding shapes for 
smooth-walled pipe they consequently may safely absorb 
more expansion. Many investigators have shown that 
the corrugated and curved pipe shapes are in fact more 
flexible than corresponding shapes for smooth-walled 
pipe. It has been shown by Dr. T. H. von Karman and 
others that smooth-walled pipe, in the form of an arc, 
when deflected shows increased flexibility when compared 
to results of calculations by simple curved bar formulas. 
This enhancement of flexibility has been proved by Dr. 
T. H. von Karman and Prof. W. A. Hovgaard to be caused 
by the flattening of the pipe cross-section to a quasi- 
elliptical shape when the curvature of the bend is in- 
creased. This effect is inappreciable in smooth-walled 
pipe tangents. 

Thus, the use of these flexible pipe shapes appears 
very attractive. Since, because of their increased flexi- 
bility less effort is required to force expansion back into 
the pipe line, stresses have been assumed to be low, or 
bends used which have been formed to a smaller radius 
than would have been possible with smooth+walled pipe. 

There are many ways in which a steam line may be 
stressed in service. Variations in superheat cause con- 
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Fig. 1—Longitudinal section showing a profile 
of typical corrugations in series A piping 


Note the slightly different curvatures of the corrugations 
at the inner pipe surface. 








sequent variation in pipe-line expansion with correspond- 


ing variation in stress. Changes in pressure likewise 
create stress cycles. Mechanical vibration of the pipe 
will induce cyclic stresses as will also relative movement 
of the anchorage points. The vibration of the piping 
system may be of small magnitude but when the atten- 
dant stresses are superimposed on an existing steady state 
of high stress early failure may result. 

Past practice has based limiting design stresses on 
purely static stress considerations. If this were a valid 
basis, a pipe line so designed which would withstand the 
initial application of maximum temperature and maxi- 
mum pressure would thereafter, barring corrosion, be 
incapable of failure. A static failure of ductile material 
is usually preceded by distortion, buckling and collapse. 
Failures in steam pipes, however, do not generally occur 
in this manner. Here cracks develop leading ultimately 
to rupture. Quite obviously a usual piping system is not 
subjected to the type of loading, such as a bridge member 
receives, which will lead to buckling and collapse. It is, 
however, usually subjected to cyclic variations of stress 
leading to fatigue fracture. For these reasons the fatigue 
limit rather than the yield point or ultimate strength 
would appear to be a more logical basis for design. The 
fatigue limit of the metal used in pipes may be readily 
determined. 

The question of when this limiting stress is exceeded 
in the pipe itself is exceedingly complex. The manner of 
the manufacture of the corrugated and creased pipe 
shape results in each corrugation or crease being an 
individual, each closely alike but not identical with its 
neighbor. The rigid mathematical analysis of the stresses 
existing in these shapes appears incapable of accomplish- 
ment. 





Scheme of Investigation 


The presence of corrugations or creases in a pipe while 
increasing the flexibility also acts to increase the stress. 
If fatigue tests are made on these pipes so as to determine 
an endurance limit for each given type, it will develop 
that the stress at this endurance limit when computed 
from the ordinary Rankine formulas of mechanics is 
far different from the stress corresponding to the known 
endurance limit of the steel. For the purpose of deter- 
mining the stress at which the pipes were operated in 
fatigue tests the bending formula was used 


' Mc 
S = 
I 

In this formula, M is the value of the applied bending 
moment and J/c is the value of the section modulus of the 
basic pipe. In order to determine this value the moment 
of inertia, J, of the cross-section was computed from 
dimensions of the pipe before being corrugated or creased. 
The value of c was likewise taken as the radius of the 
outer surface of the basic smooth-walled pipe. ‘This 
equation then yields values for stress, S, which are nomi- 
nal values. The term ‘‘nominal stress’’ has been applied 
to this quantity. The ratio of the endurance limit for 
the steel to the endurance limit of the pipe, when the 
latter is expressed in terms of nominal stress, will then 
be a direct indication of the stress multiplication effect 
due to the corrugated and creased-bend shapes. The 
writer has called this factor the “‘stress intensification 
factor’ and has given it the designation NV. 

In addition to the determination of the stress inten- 
sification factor, a method was developed for determining 
the stress distribution in pipes from internal pressure 





Fig. 2—Longitudinal section showing a profile 
of typical corrugations in series B piping 
Note here also the lack of exact similarity in the corrugation. 
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and from applied bending moments. This method 
employs the use of strain gages applied to the outside 
of the pipe wall and involves the calculation of the criti- 
cal stresses at the inner pipe wall surface derived from 
these external strain measurements. A further descrip- 
tion of this method will not be included here. 


Material under Investigation 


This investigation covers three classes of pipe shapes, 
all constructed from 6-in. seamless steel tubing as follows: 

Series A—Corrugated piping with nominal wall thick- 
ness 0.280 in. and shape of corrugation as shown in Fig. 1. 

Series B—Corrugated piping with nominal wall thick- 
ness 0.288 in. and shape of corrugation as shown in Fig. 2. 

Series C—Creased-bend piping of a typical shape of 
crease as shown in Fig. 3 and with nominal wall thickness 
0.288 in. 

Complete tabulations of the pipe shapes investigated 
under each of the above classifications, together with 
details of heat treatments and physical properties, are 
given in Figs. 4 and 5. 

In manufacturing a corrugated pipe the seamless steel 
tubing is placed in a press between a fixed and movable 
head. A gas-fired ring furnace is placed around the pipe 
and a narrow band heated. When the pipe has reached 
a proper temperature, it is compressed along its axis by 
the press, thus raising a corrugation in the heated section. 
When the compression has raised the corrugation a 
desired amount, the press is stopped, the corrugation 
quenched and the furnace moved on to form the adjoining 
corrugation. The first motion of the press in forming a 
corrugation causes an upsetting of the metal in the heated 
band before swelling starts. This action accounts for the 
increased wall thickness to be found in the radial section 
through the crest of the corrugation. If a bend is to be 
formed, the bending is done after the corrugating process. 
The fabrication is followed by a suitable annealing heat- 
treatment. : 

In forming a creased bend, the pipe is first filled with 
sand, locally heated at each crease in turn and bent 
about 10 deg at each crease. The creases thus bulge out 
from the original pipe wall and disappear at about two- 
thirds of the circumference of the pipe. This method 
is said to have the advantage of permitting bending with- 
out a thinning of the wall on the outside of the bend 
and a thickening of the wall on the inside of the bend. 
Both corrugated and creased-pipe bends may be made 
with much smaller radii than may be formed from cor- 
responding smooth-walled tubing. The processes of 
manufacture are patented. 

It is to be carefully noted that the method of manu- 
facture results in each corrugation or crease being an 
individual with possibly different characteristics than 
its neighbors. Non-concentricity of the bore of the tub- 
ing with the outer surface may be serious if it provides 
a minimum section in the plane of maximum stress. 
Because of the localized stress conditions in these pipes, 
it is also highly important that no local defects such as 
inclusions, laps, seams or surface cracks appear in the 
tubing because of the danger that one of these areas of 
weakness occur in a location of maximum stress. 


Testing Machines 


Two types of testing machines were used to determine 
the endurance properties of the pipes. One type of ma- 
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chine was designed to apply a specific stress to the speci- 
men and the other type a specific strain. The specific 
stress machine was, in principle, a large scale model of 
the rotating beam fatigue machine frequently used in 
the laboratory for determining the endurance limit of 
small specimens. The specific strain machines were de- 
signed to subject the pipe to alternating flexure by ap- 
plying a constant deflection of the specimen. A total of 
four machines of both types was built. 

A view of the specific stress rotating beam testing 
machine is given in Fig. 6. Naturally only the long tan- 
gent specimens could be adapted to this apparatus. As will 
be seen from the figure, the long tangents were mounted 

















Fig. 3—Longitudinal strips cut from the plane of bending 
in a creased-bend 


These strips were cut from an expansion U-bend. Each strip represents 
half an are length of each of the four creased arcs. In this photograph the 
inner pipe surface is at the right of each strip. Note the individual character 

of the creases. 


in trunnion bearings at either end. Babbitt metal jour- 
nals cast on the pipe carried collars which supported the 
desired dead weight load. The pipes were rotated by 
a motor and belt drive through a universal joint. With 
equal loads applied to the arms hanging from each collar, 
the bending moment across the corrugated section of the 
tangent was very nearly uniform. Hence, all corruga- 
tions between the journals were subjected to approxi- 
mately equal stress, and failure could reasonably be ex- 
pected to occur in the weakest corrugation. With the pipe 
section at rest under load, the stress distribution in the 
pipe wall may be considered to be symmetrical with 
respect to a horizontal plane through the longitudinal 
neutral axis of the pipe. Now as the pipe is rotated 180 
deg, the fibers which were in the top half-section under 
certain states of stress, will acquire an equal value of 
stress but with opposite sign. This same reasoning ap- 
plies to the fibers originally in the bottom half-section. 
Thus, for a complete revolution of the pipe each fiber 
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passes through a complete stress cycle from a 
maximum positive value of stress through an 
equal minimum negative stress value back to the 
positive stress value. In this investigation the 
pipe rotative speeds ranged from 80 to 220 rpm. 
The speeds were carefully selected so that the 
pipe rotated smoothly and without vibration. 

Two kinds of specific strain machines were 
developed. One type consisted of a driven shaft 
that carried at either end an adjustable eccentric 
upon which a journal was mounted. The eccen- 
tric could be adjusted to give the desired crank 
throw for the journal. This journal was con- 
nected through a vertical connecting rod to a 
suitable point to apply load on the pipe section. 
The cycle frequency in these machines ranged 
from 30 to 90 cycles per minute. 

The remaining specific strain type of machine 
was developed from the water end of a recipro- 
cating pump. The pump was mounted with its 
rod horizontal and with a hydraulic system, 
under pressure, connected to either end of the 
pump cylinder. The water was alternately ad- 











necessary, however, to determine the actual 




















Fig. 6—The rotating beam testing machine 


This machine was designed to apply a constant loading, or specific stress, to the pipe 
specimen. The pipe was rotated about its axis by a belt drive. A desired amount of dead 
weight load could be applied on the hangers shown below each journal at the ends of the 
corrugated section. Note the six-foot scale extended below the corrugated pipe section. 


endurance limit of this steel by direct test. It 
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Fig. 7—Fatigue graph for a low-carbon steel similar to that 
used in the pipe under test 


The ordinates represent the applied bending stress and the abscissa the num- 
ber of cycles. The points on the graph represent failure of specimens 


In connection with Fig. 7 it may be stated that the 
three points of highest stress on the fatigue graph were 
determined at a specimen speed of 50 rpm, while the 
points for the remainder of the graph were determined at 
1450 rpm. The point representing the highest stress on 
this graph was obtained with a computed bending stress 
on the specimen actually greater than the ultimate 
tensile strength. 


Load-Deflection Characteristics and End Conditions 


Since the specific strain type of fatigue testing machine 
imposes a definite deflection on the pipe, the bending 
moments and the consequent applied nominal stresses 
could be determined only from a knowledge of the rela- 
tionship between the load and deflection of the specimen 
under consideration. In order to establish the load- 
deflection characteristics, each pipe shape was mounted 
with one end firmly secured to a heavy steel foundation 
plate and dead weight loads applied to the other end. 
Deflections were measured by means of micrometers with 
increments of applied load. Small balls, acting as gage 
points for the measurements, were attached to the pipe 
flanges and to battens which were fixed to the founda- 
tion. Fig. 8 gives a view of a typical arrangement for 
the load-deflection determination. 

Consider a pipe bend with its end flanges firmly fixed 
and subjected to an increase of temperature. The ex- 
pansion of the pipe wall will cause the flanges to exert 
certain forces and moments on the anchorages which may 
be resolved into a force perpendicular to the flange, a 
force parallel to the flange in the plane of the bend and 
a couple also in the plane of the bend. This is called a 
fixed-end condition. If the two forces continue to act but 
the couple is removed, the flange is thus permitted to 
rotate and the condition is known as free end. 

The fixed-end condition was simulated in load-deflec- 
tion testing as shown in Fig. 8. Here the restraining 
force parallel to the flange in the plane of the bend is 
clearly zero. It is known from mechanics that a force 
and a couple acting in the same plane may be replaced 
by a single force whose moment arm is equal to the value 
of the couple divided by this force. It will be seen from 
the photograph that this is accomplished by the method 
of loading shown. Here, as the load is applied, the flange 
moves in parallel planes. This condition was checked 
on test by a spirit level mounted on the upper flange. The 
proper value for the moment arm was first computed. 
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Any subsequent minor adjustment necessary was indi- 
cated by the level. 

There is a slight discrepancy between the state of 
affairs governing a load deflection or fatigue test and 
the conditions actually obtaining in service. In the test 
conditions the forces and couples are applied on the cold 
or unexpanded pipe, hence on a pipe shape slightly dif- 
ferent, from a dimensional standpoint, from the same 
pipe under elevated temperatures in service. This dif- 
ference, however, is so slight that it may be disregarded 
for all practical purposes. It may be remarked that pipes 
in service will probably operate at one condition inter- 
mediate between the free-end and fixed-end conditions, 
and that the nature of these end conditions will have a 
decided effect on the stresses produced in the pipe itself. 


Results 


The flexibility factor for all tangents tested was 
slightly greater than six. As has been indicated, a 
smooth-walled arc will flatten when loaded and the 
flexibility will thus be increased. For this reason the 
corrugated arc does not show as great a relative flexibility 
to an actual smooth-walled pipe arc as is the case of the 
tangents. For the arcs, this corrugated arc appears to 
have an advantage over the smooth arc of about 2.6 to 
1. The creased arc appears to have a relative flexibility 
of about 1.3 to 1. 

The results of the fatigue tests of each of the series of 
corrugated and creased piping are shown graphically in 
Figs. 9, 10 and 11. The scheme used in plotting the 
fatigue graphs is the usual one for presenting results of 























Fig. 8—An expansion U-bend erected for load-deflection 
measurements in the fixed-end condition 


The moment arm from the center of the top flange to the line of action of 
the applied dead-weight load was adjusted so that the top flange always re- 
mained horizontal as increasing loads were applied. This condition was 


checked by a spirit level (not shown) mounted on the top flange. The de- 


flections were measured from the top flange to a fixed framework just under 
the flange. 
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Fig. 9—Endurance properties of corrugated pipe, series A 


fatigue testing. The axis of ordinates is scaled uniformly 
to represent the semi-range of alternating stress while 
the axis of abscissas is scaled logarithmically to represent 
the number of cycles. The points on the graph, in 
general, indicate failures of the designated pipe shapes. 
In some cases the applied nominal stress values were 
raised during the test. Where this was done paths are 
shown on the graph to show the manner in which the 
specimen was tested at increasing stress values. Where 
arrows alone are attached to points this does not represent 
failure but means that the specimen is to be considered 
as continuing to run beyond the plotted point. The 
bending moments and the nominal stresses were com- 
puted at the point of actual fracture for each specimen. 
The graphoanalytical method involving the principle of 
superposition was employed in this calculation. In cases 
where the stress cycle varied from zero to a maximum, 
the range was transformed for plotting purposes, to an 
equivalent range for alternating stress. The plotting 
of the fatigue graphs follows the practice in use at the 
U. S. Naval Engineering Experiment Station. Weight 
was given to the individual points, giving due regard to 
the effects of under-stressing and over-stressing on those 
specimens whose applied stress was raised in the progress 
of the test. . 

In all cases the nominal stresses, aes previously defined, 
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Fig. 10—Endurance properties of corrugated pipe, series B 
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were computed from the simple beam formula as the 
stresses which would be produced in a theoretical smooth- 
walled pipe of the same basic dimensions as the cor- 
rugated or creased pipe when subjected to the same 
applied forces. The longitudinal stresses only were com- 
puted and in the comparative theoretical smooth-walled 
bend no allowance was made for any increase of stress 
caused by flattening. The direct stresses resulting from 
the loading are a small percentage of the stress due to 
bending and have, therefore, been neglected as minor 
in computing the nominal stresses. 

Load-deflection tests made on pieces AD, BE and CF 
without internal pressure and with 400 lb per sq in. 
internal pressure showed practically no difference. The 
flexibility of these pipes was unaffected by the internal 
pressure. 

These three pipe shapes were each fatigue tested with 
400 Ib per sq in. internal pressure. Four failures resulted 
from these tests. Piece AD, a corrugated U-bend, pro- 
vided one failure. Piece BE, a quarter-bend with creased 
are and corrugated tangent leg, failed in the creased arc, 
was repaired by welding and later failed in the corrugated 
leg. Piece CF, a creased U-bend, provided the fourth 
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Fig. 1l—Endurance properties of creased pipe, series C 


failure. In each case, disregarding the stresses from 
internal pressure and referring the failures to the proper 
fatigue graph for the applied nominal stresses induced 
by the bending moments, the points of failure lie in 
close proximity to the curves. These results indicate 
that the internal pressure had no appreciable effect 
on the endurance properties of the bends thus tested. 


Stress Intensification Factor 


The endurance limit is a physical property of a metal 
and has a definite value. In the case of the steel used in 
the manufacture of the piping under investigation, the 
endurance limits are as follows: 


Series A—25,100 Ib per sq in. 

Series B—24,600 Ib per sq in. 

Series C—-25,300 Ib per sq in. 
These values were determined as 43 per cent of the aver- 
age tensile strength of the specimens in each series of 
pipes. 


October 1935—-COMBUSTION 








In the asymptotic portion of the endurance graphs, 
the stress in the metal must be at the endurance limit. 
The stress intensification factor has been defined as the 
ratio between the endurance limit and the nominal 
stress at this point on the fatigue graph. The values of 
the stress intensification factors obtained in this manner 
are: 


Series A, N—S8.7 
Series B, N—9.5 
Series C, N—6.1 


These values indicate that the nominal stresses have 
been effectively multiplied at the endurance limit by 
the factors indicated. It is considered that the dis- 
crepancy between the Series A and Series B pipes may 
partially be explained by the relatively few points avail- 
able to determine the endurance limits on the fatigue 
graphs. 


Safe Working Stresses 


In the great majority of practical applications a piping 
system will not be called upon to undergo the number of 
cycles of stress equivalent to that at which the endurance 
limit is determined. In the lifetime of an ordinary power 
plant, excluding serious vibration, the number of stress 
cycles imposed on the piping will probably be numbered 
in thousands rather than millions. It seems unreason- 
able then, in most cases, to use in design a stress value 
corresponding to the true endurance limit. 

The true endurance limit represents the limiting value 
of stress to which a metal may be subjected in order to 
withstand an indefinitely large number of stress cycles. 
The fatigue graph defines this limit and also indicates 
the number of stress cycles to cause failure at stresses 
greater than the endurance limit. The value of stress 
taken from a fatigue graph for a stated number of cycles 
is here defined as the virtual endurance limit for the num- 
ber of cycles selected. The definition for the stress 
intensification factor is extended to include the ratio of 
the virtual endurance limit of the steel to the virtual 
endurance limit of the pipe, the latter value again being 
expressed in terms of nominal stress. 

The method used in determining the virtual endurance 
limits of the steel was similar to that described for deter- 
mining the true endurance limits. At various selected 
cycle values, the stresses read from the fatigue graph of 
Fig. 7 were expressed as certain percentages of the tensile 
strength of the steel used in determining that fatigue 
curve. These percentages were then applied to the ex- 
perimentally determined tensile strengths of the pipe 
steel to establish the virtual endurance limits at the 
selected cycle values. This procedure was followed con- 
sidering each series of piping individually. The stress 
intensification factors were then readily determined by 
dividing the virtual endurance limits of the steel by the 
virtual endurance limits of the pipe at selected cycle 
values. In calculating the safe working stresses a method 
involving recognition of both the yield point and the 
endurance limit was used. (Foracomplete description of 
this method see paper by C. R. Soderberg, ‘‘Factor of 
Safety and Working Stress,’’ APM-52-2 Transactions of 
Amer. Soc. Mech. Eng., 1930; also, ‘‘Strength of Mate- 
rials,’’ Vol. II, by Timoshenko.) The safe working stress 
was computed for two conditions: one assuming that the 
factor of safety was 2, and the other that the factor of 
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safety was 1.5. 
tabulated below: 


The results of these computations are 


SAFE WORKING STRESSES FOR SERIES A—CORRUGATED PIPE 


Average Tensile Strength 58,400 Ib per sq in. 


Average Yield Point = 38,200 !b per sq in 

Stress Safe Working Stress 
No. of Intensification Virtual End. for f = 2 for f = 1.5 
Cycles Factor N Limit on omax max 
1 X 107 8.7 25,100 2680 3,580 
5 X 105 7.2 28,800 3640 4,840 
1 X 105 5.2 34,000 5580 7,430 
5 X 104 4.7 37,500 6590 8,800 
3 xX 104 4.5 40,600 7300 9,720 
2 xX 104 4.4 43,500 7860 10,460 


SAFE WORKING STRESSES FOR SERIES B—CORRUGATED PIPE 
Average Tensile Strength = 57,300 lb per sq in. 


Average Yield Point = 39,100 lb per sq in. 
Stress Virtual Safe Working Stress 
No. of Intensification Endurance for f = 2 for f = 1.5 
Cycles Factor N Limit on max. max 
1 xX 10? 9.5 24,600 2430 3,240 
>» X 105 6.4 28,300 3980 5,300 
1 X 105 3 33,400 6480 8,620 
5 X 104 3.9 36,800 7620 10,160 
3 xX 104 3.8 40,000 8280 11,040 
2X 104 3.7 42,600 8880 11,840 
SAFE WORKING STRESSES FOR SERIES C—CREASED PIPE 
Average Tensile Strength = 59,000 lb per sq in 
Average Yield Point = 40,900 Ib per sq in. 
Stress Virtual Safe Working Stress 
No. of Intensification Endurance for f = 2 f = 1.5 
Cycles Factor N Limit on max. max 
1X 10? 6.1 25,300 3770 5,020 
5 X 105 &.5 29,000 4670 6,220 
1 X 105 4.5 34,300 6430 8,570 
5 X 104 4.2 37,800 7370 9,820 
3 xX 106 3.9 41,000 8340 11,100 
2 xX 104 3.8 43,800 9010 12,000 


These results indicate that, in general the Series B 
corrugated pipe could be subjected to slightly higher 
safe working stresses than the Series A pipe. All pipes 
were manufactured with the same amplitude and pitch 
of corrugations. The Series B pipe, however, had a 
slightly greater wall thickness and a somewhat different 
curvature of corrugations from the Series A pipe. It 
should be noted here that the flexibility factors for the 
tangent lengths of piping of each of the two series are 
essentially the same. 


RATIO OF TENSILE STRENGTH TO SAFE WORKING STRESS 
Series A Series B Series C 
Corrugated Corrugated Crease 
Cycles f=2 f=15 f=2 =15 f=2 f=15 
1 xX 10° 21.8 16.3 23.5 17.7 15.7 5 Be 
5 X 105 16.0 12.1 14.4 10.7 12.6 9.5 
1 X 105 10.5 7.9 8.8 6.6 9.2 6.9 
5 X 104 8.9 6.6 7.5 5.6 8.0 6 0 
3 X 104 8.0 6.0 6.9 §.2 cel 5.3 
2X 10! 7.5 5.5 6.5 4.8 6.5 4.9 


The average tensile strength for the steel used in the 
manufacture of the pipes tested was approximately 
58,000 Ib per sq in., which is about the mean of the range 
of tensile strengths of steels used in ordinary commercial 
practice for seamless drawn steel tubing intended for 
high temperature service. (See A.S.T.M Specifications 
A-106-33T.) These ratios may then be used as a satis- 
factory approximation for design purposes in determining 
the safe working stress for pipes fabricated from tubing 
whose tensile strength and yield-point values are within 
this usual commercial range. 

The use of a factor of safety of 2 is considered conser- 
vative. The use of a lower value, such as 1.5 or some 
intermediate value, would undoubtedly be justified 
when it was known that the tubing material was of 
uniformly high quality, when the service conditions 
were not severe, and the values of the applied stresses 
could be predicated with reasonable accuracy. 

Pipe shapes may successfully withstand large deflec- 
tions and absorb very high applied stresses for single, or 
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very few, applications of load. There may be some piping 
installations where the service application may involve 
an approximately steady loading condition. When this 
is true the piping design may be based entirely on the 
static tensile properties of the metal. If, however, in 
the designer’s opinion, the piping is to be subjected to 
variable stresses, static strength considerations are in- 
sufficient and the design should be based on an extremely 
liberal allowance for the number of stress cycles to be 
encountered. 

The fatigue graph is useful primarily for determining 
the safe limiting value of stress for a large number of 

















Fig. 12—The single offset quarter bend as erected for test 
in a specific strain type fatigue testing machine 


Note the crack, as a result of the fatigue test, which appears in the fourth 
corrugation from the bottom of the pipe. 


cycles. The curve is necessarily the mean path through 
a number of observed points and cannot be considered 
as applying with sufficiently close accuracy for literal 
application in predicting individual failures. A slight 
variation in stress value will cause a large percentage 
error in the number of cycles at any point on the curve. 
These considerations are particularly important in the 
high-stress, low-cycle region of the fatigue graph. The 
action of steel at high variable stresses and high tempera- 
tures cannot be safely predicated. For these reasons 
the writer is of the opinion that 20,000 cycles of variable 
stress should be the absolute minimum basis for design 
purposes when cyclic stress conditions are considered, 
regardless of the actual predicated numerical value of the 
stress cycles to which the pipe may be expected to be 
subjected. In any case the number of cycles selected 
as a design basis, in accordance with the method pre- 
sented, should be considerably greater than the number 
of cycles it is estimated the pipe will experience. This is 
particularly important, as has been previously indicated, 
in applications where corrosion is likely to be a factor. 
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General Summary 


Although many of the conclusions reached in this 
investigation are of general application, the values given 
for flexibility factors for limiting design stresses will not 
be strictly applicable where piping is being considered 
which departs from geometrical similarity with the pipes 
tested. A flexibility factor value of between 5 and 6 will 
probably closely fit any usual corrugated pipe. The true 
value, however, can easily be determined by simple 
experiment. 

The use of corrugated and creased pipe offers two 
principal advantages: the forces exerted against the 
anchor points by pipe expansion are low, and the pipe 
may be bent to much smaller radii of curvature than is 
practicable for smooth-walled pipe. However, the 
factors which operate to increase the flexibility of these 
pipes in turn operate to increase the stress. This in- 
crease of stress may more than counterbalance the 
effect of increased flexibility. 
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Field Demonstration of 
Control Equipment 


A new field demonstration service, directed at indus- 
tries where instrumentation and control are major 
problems, was recently put into effect by the Mason- 
Neilan Regulator Company of Boston, Mass. The new 
service unit, a specially designed truck, completely 
equipped with up-to-the-minute reducing valves and 
control instruments for pressure, temperature and flow, 
is making a nation-wide tour, giving demonstrations of 
modern control in important chemical plants, paper 
mills, refineries, process and power plants. New York, 
Philadelphia, Pittsburgh, Toledo, Chicago, St. Louis, 
Tulsa and Houston are some of the larger cities in- 
cluded on the itinerary. 


With the retirement of F. P. Cox as manager of the 
West Lynn, Mass., works of the General Electric 
Company on September 1, Nelson J. Darling, manager 
of the River Works of the company at Lynn, assumed 
management of both plants. Mr. Darling in his new 
duties will have N. M. DuChemin, formerly super- 
intendent of the West Lynn works, as assistant manager 
in charge of operations at West Lynn. 


Sixteen coal companies having mines in Harlan 
County, Kentucky, have filed suit in the U. S. District 
Court for western Kentucky attacking the constitu- 
tionality of the recently enacted federal coal legislation, 
commonly known as the Guffey Coal Bill. The tax 
feature is being stressed in the complaint. 
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INDIANA COALS— 


Their Classification and Analyses 


This is the sixth article of the series in 
which the author discusses the bituminous 
coals by states, identifying those produced 
in various counties and from different 
seams by their trade names and giving 
their characteristics. To date Ohio, 
Kentucky, Virginia, Illinois and Indiana 
coals have been covered, as well as a general 
survey of the coals of the United States 
which appeared in the first article. In 
Indiana, three types of coal are found, 
namely, midwest bituminous, block coal 
which is a good domestic fuel because of 
its low sulphur and ash content, and 
cannel coal. 


HE Indiana coal fields lie in some twenty counties 
in the southwestern part of the state. The area 
is bounded on the west by central and southern 

Illinois and on the south by western Kentucky. It is 
part of the Eastern Interior Coal Region which covers 
Illinois, Indiana and western Kentucky and is divided 
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By P. B. PLACE 


Combustion Engineering Company, Inc. 


into six mining districts. The map shows the portion 
of the state that is underlain with coal and the location 
of the districts. The latter are listed in Table I to- 
gether with the counties in the districts and the principal 
seams mined. 

Indiana has twenty or more coal seams but the bulk 
of the production comes from only three, the Fifth 





TABLE I 
COAL MINING DISTRICTS IN INDIANA 
Counties Included 


Name of Mining District Principal Seams Mined 


Princeton-Ayrshire Pike Sth 
Gibson 
Sullivan-Linton Greene 5th 
Sullivan 4th 
6th 
Brazil-Clinton Vigo 5th 
Vermillion ra 
Owen 4th 
Clay 6th 
Minshall Block 
Knox Knox 5th 
4th 
Boonville Warrick 5th 
Spencer 
Evansville-Newburg Vanderburg Sth 











Vein, the Fourth Vein and the Sixth Vein. The total 
production of the state is only four or five per cent of 
the bituminous production of the United States and 
eighty per cent of it comes from six counties, namely, 
Pike, Greene, Vigo, Knox, Sullivan and Vermillion. 
Tables II and III give the relative production in the 
principal states and counties’in Indiana during recent 
years. 

All of the coal seams in Indiana are found in the 
Pennsylvanian Series which is divided into three for- 
mations for geological classification. These divisions 
and the principal seams found in each are listed in 
Table IV. 

Three types of coal are found in Indiana, the common 
midwest bituminous, a block coal and a cannel coal. 
The bituminous constitutes the bulk of the state’s pro- 
duction and is similar to western Kentucky and Illinois 
coal in appearance. It has a banded structure of 
alternate bright and dull coal with frequent partings 
of shale, clay or pyrite. Thin layers of mineral charcoal 
The coal mines out in fairly large blecks 


are common. 
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TABLE II 


RELATIVE PRODUCTION OF BITUMINOUS COAL 


IN PRINCIPAL COAL PRODUCING STATES 


1929 - 1932 


PER CENT OF TOTAL BITUMINOUS PRODUCTION 


State 1929 1930 1931 

West Virginia 25.9 26,0 26.5 
Pennsylvania 26.8 26.6 25.6 
Illinois 11.4 11.5 11,6 
Kentucky 11.3 11,0 10.5 
Ohio 4.4 4.8 5.4 
Indiana 3.4 3.5 3.7 
Alabema 3.4 3.3 3,1 
Virginia 2,4 2,3 2,5 
89.0 89,0 88.9 

TABLE III 


RELATIVE PRODUCTION OF BITUMINOUS COaL 


IN PRINCIFAL COUNTIES OF INDIANA 
1929 - 1932 


PER CENT OF TOTAL PRODUCTICN OF STATE 


County 1929 1930 1931 
Pike 13.6 16,4 19,1 
Greene 7.9 10,5 11.4 
Vigo 21.6 18.0 14.4 
Knox 8.0 8.7 10,2 
Sullivan 16.1 16.8 15.8 
Vernillion 12,0 a7. 2 10.2 

79,2 87.6 81.0 


DISTRICT COUNTY SEAM 


Princeton-Ayrshire District 
Pixe County - 5th Vein 
Gitson County - 5th Vein 


Sulliven-Linton District 
Sulliven County 
uth Vein 
5th Vein 
6th Vein 
Greene County - 4th Vein 


Brazil-Clinton District 

Viso County 

3rdé Vein 

Uth Vein 

5th Vein 

6th Vein 

Minshall 
Vermillion County 

ré Vein 

4th Vein 

5th Vein 

Minshall 
Owen County - Upper Block 
Clay County - Lower Block 


Knox District 
Knox County - 5th Vein 


Boonville District 
verricx County - 5th Vein 


Evensville-Nerburs District 


1932 


27.7 
24,1 
10.8 
11.4 
4.5 
4.3 
2.5 
2.8 
87.8 


MOISTURE 


Vanderbure County - 5th Vein 


9-7 


TABLE V 
AVERAGE PROXIMATE ANALYSES OF INDIANA COALS 
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TABLE IV 


GEOLOGICAL CLASSIFICATION OF PRINCIPAL 
COAL SEAMS IN INDIANA 


Name of Coal Sean Fornat ion Series 


Aldrich Post-Allegheny Pennsylvanian 
Friendsville 
Parker 


9th Vein Allegheny Pennsvlvanian 
8th Vein 
7th Vein 
6th Vein 
Sth Vein 
4th Vein 
3rd Vein 


2nd Vein Pottsville Pennsylvanian 
Minshall 

Upver Block 

Lower Block 

lst Vein 


AS RECEIVED BASIS 


VOLATILE FIXED 
MATTER CARBON SULPHUR  BTU/LB 


36.9 43.7 3.8 11430 
38.2 45.8 3.6 12220 
34.6 45.7 1.4 11600 
36.1 44.5 2.5 11750 
35.3 42,5 a2 11215 
36.3 44. 3 1.4 11635 
asf 41.1 4.0 11525 
33. 45.1 1.2 11435 
39.7 40.2 3.0 11660 
36.7 42.6 2.2 11450 
36.8 41.8 2.6 11480 
37-9 41.0 3.6 11400 
34.2 43.8 11330 
39.4 41.0 Me 11745 
38.0 ‘ag 8 10990 
36.5 Te 0.6 11950 
35.3 48.8 1.0 12260 
37.2 42.3 305 11530 
38.7 42.7 So7 11620 
35.6 44.5 2.9 11440 
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that may be easily broken along the horizontal partings 
into plates. The coal itself is not as hard as western 
Kentucky and Illinois coals but when cleaned and pre- 
pared in the smaller sizes, it presents a neat appearance 
and stands handling well. The block coal, as the name 
indicates divides into more pronounced blocks than the 
bituminous, often along surfaces weakened by the pres- 
ence of mineral charcoal. The cannel coal has the usual 
dull smooth appearance of cannel coals and breaks 
with a smooth irregular glass-like fracture. 


Uses of Indiana Coal 


Much of the production is used within the state for 
industrial steam generation, as railroad and domestic 
fuel, and in some cases for gas making. The block coal, 
because of its low sulphur and ash content, makes a 
good domestic fuel. The bituminous coal is best burned 
on traveling grate stokers or in pulverized form. It 
has a high volatile content and small pieces may be 
ignited with a match, the coal giving sharp cracking 
noises as the gas pockets burst and the seams crack 
open. The sulphur content varies considerably but is 
largely concentrated in partings that may be cleaned. 
The fusibility of the ash varies also but is generally 
below 2200 F. Some low sulphur and high ash fusion 
coal is found in the Fourth Vein in Greene and Sullivan 
Counties. 

Average proximate analyses on an ‘‘as received”’ basis 
of coals from the principal seams in the various counties 
and districts are given in Table V. More complete 
analyses on a moisture and ash free basis are given in 





to an “‘‘as received’’ basis for any desired moisture and 
ash content by multiplying by (1.00 — m — a) where 
m and a are the percentages of moisture and ash, re- 
spectively, on an ‘‘as received” basis and expressed as 





decimals. Inspection of the values in Table VI will 
TABLE VII 
AVERAGE ANALYSIS OF AN INDIANA CGAL 
Moisture Free Moisture and Ash 

As Received or Dry Free 

Moisture 11,0 - - 
Ash 9.0 10,10 - 
Volatile Matter 36.80 41,35 46.0 
Fixed Carbon 43,20 _48,55 54.0 
100.00 100,00 100.0 

Sulphur 2.64 2.97 3.3 
Hydrogen 4.48 5.03 5.6 
Carbon 64,24 72,19 80.3 
Nitrogen 1,28 1.4 1,6 
Oxygen -2.36 8,27 —2.2 
80,00 89,90 100.0 

B.t.u. per 1b, 11575 13010 14470 











show relatively little difference in the analyses of Indiana 
coal, and in Table VII is given an average analysis that 
may be used for an Indiana coal when its analysis is 
not given and the source of the coal is not known. The 
analytical values are more or less weighted to approxi- 
mate the analysis of the bulk of the coal produced in 





Table VI. The values in Table VI may be calculated _ the state. 
TABLE VI 
AVERAGE ANALYSES OF INDIANA COALS 
MOISTURE AND ASH FREE AS RECEIVED 
COUNTY AND SEAM VOLATILE FIXED 
MATTZR CARBON SULPHUR AYDROGEN CARBON NITROGEN OXYGEN BTU/IB MOISTURE ASH 
5th Vein 
Gibson 47.4 52.6 4.7 525 79.6 1.7 8.5 175 69 912 
Knox 47.1 52.9 4.2 5.5 79.5 1.5 0903 14510 G11 &12 
Sullivan 42 55.8 2.4 5.6 81.0 1.8 9.2 bes B15 55-14 
Vanderburg Yo 55.5 3.6 5.4 79.3 1.7 10.0 14280 9-11 10-12 
Vermillion 49.6 50.4 4,0 5.8 79.7 1.6 8.9 14520 9-12 811 
Vigo ap 50.6 4,0 a8 80.2 409 8.6 i ey 7-11 
Warrick 3.5 51.5 6.0 13.3 1 8.7 14330 9 911 
AVERAGE 47.2 52.8 qT ae 79.7 te 9.0 iitts 7-12 7-12 
Uth Vein 
Greene 45.9 54.1 1.7 5.6 $1.1 1.8 9.8 1430 11-14 610 
Sullivan uL.o 56.0 1.9 5.6 0S B11 1.8 9.6 14520 9-15 5-10 
Vermillion 43,8 56.2 1.4 5.5 81.3 1.8 10.0 14510 1315 7-9 
Vigo 41. 28-7 0.9 af 33.9 i.8 8.6 ee 124k & 
AVERAGE 43.8 56.2 1.5 5. $1. 1.8 9.5 14530 9-15 10 
6th Vein 
Sulliven 4h 5 55.5 3.1 5.6 80.1 1.6 9.6 Whoo 1015 &12 
3ré Vein 
Vermillion med 51.9 4.6 ~e 79.4 “3 8.7 — a Pg 
Vigo 8. 51.5 6. 5.6 8.2 1 8.3 li90 9-10 2 
AVERAGE 48.3 51.7 ay 5.7 78.8 1.6 8.5 1470 9-12 7-14 
Miinshall Seam (block) 
Vermillion a 50.4 6.3 5.6 77-6 1.5 9.0 a 10-13 10-12 
Vigo 9 53.1 3.3 5.8 80. 1.6 8.6 1620 1314 7-9 
AVERAGE 48.3 51.7 4.8 5.7 7922 1.6 8.7 90 10-14 “7-12 
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Combustion Control 


The Prime Movers Committee of the Edison Electric 
Institute addressed a questionnaire recently to a number 
of operating companies seeking opinions on various 
phases of automatic combustion control. The replies 
from eighteen companies are tabulated in the 1935 Report 
on ‘“‘Combustion”’ which has just been issued. These re- 
plies are summarized in a statement by the sub-com- 
mittee as follows. 

|. Usual application of automatic control is to raw- 
coal feeders, forced and induced-draft fans and dampers. 
Stoker speed control has been applied in six stations re- 
porting, while two stoker-fired stations have omitted 
stoker speed control and one stoker-fired station has not 
stated whether or not stoker speed is controlled. No 
chain-grate operated station has reported. 

2. Opinion differs as to whether automatic combus- 
tion control saves labor when applied to larger plants, one 
company reporting definitely that there is considerable 
saving while another reports no saving. One company 
reports that if all operations now performed largely auto- 
matically had to be resumed manually, the additional 
physical duties imposed on the present operators prob- 
ably would result in loss of plant efficiency due to inabil- 
ity to adjust equipment continuously as required for best 
results. 

3. One company reporting on a stoker-fired plant 
states that the largest factor affecting plant efficiency is 
automatic control of coal supply. This company states 
that coal supply manually cannot be regulated as satis- 
factorily. 

4. Most companies report that maintenance is low or 
reasonable on all parts of the equipment. One company 
reports that 90 per cent of control maintenance has been 
on that part applying to stoker speed. One company re- 
porting on an air-operated system points out the neces- 
sity of supplying the system with clean dust-free air. 

+. The average automatic combustion control equip- 
ment is capable of handling the boiler unit from about 25 
per cent to 100 per cent of full load. Two companies re- 
port automatic control used, satisfactorily, as low as 
17 per cent of full load while two others set 20 per cent as 
the lower limit. On the other hand, two cases are re- 
ported with the lower load limit of 40 per cent of maxi- 
mum. With one exception, all installations are capable 
of handling the boiler up to 100 per cent of maximum 
output. 


6. Nine companies state that the automatic control 
cannot be used to bring a banked boiler on the line. One 
company reports that it can be used if banked fuel bed is 
in fair condition. Four companies state that with minor 
manual adjustments and operations, the control probably 
could be used to bring on banked boilers. It seems, how- 
ever, universal practice among companies reporting to 
bring banked boilers up manually to minimum rating 
mentioned in 5, before automatic control is cut in. 


7. All companies agree that greatest value of auto- 
matic control is realized on swing boilers, although it is 
very important on base load boilers as well. In the ma- 
jority of cases reported, the automatic control varies load 
on all boilers although it is selective and can be used to 
swing one boiler or a group of boilers in certain cases. 
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The choice of whether load swings are handled on one or 
more boilers seems to be a matter of plant or system con- 
ditions rather than limitations of control equipment. 

8. The only general conclusion that can be drawn 
from the statements regarding objectionable features 
is that these are complication and high cost. Diffi- 
culty in maintaining oil piping tight on certain types of 
systems seems to be common. One company reports that 
inaccessibility of parts and assembly adds to cost of 
maintenance. A case has been reported of some difficulty 
experienced with coal feed regulation on a bin-and-feeder 
system. Coal feed is controlled by feeder speed. Vary- 
ing quantities of moisture affect the amount of pulverized 
coal that will be fed at any given speed, making frequent 
manual adjustments necessary. 

Mercury switches have caused one company trouble on 
account of contamination of mercury and apparent over- 
rating in current capacity. 

One company reports that range of steam pressure on 
automatic control is possibly too narrow, as applied to a 
1400 Ib per sq in. plant. If pressure should vary 35 to 40 
Ib per sq in. either way, conditions must be restored by 
hand as it is beyond the range of automatic control. 


Production of Electricity 


The total production of electricity for public use in 
the United States in August was the largest ever pro- 
duced in that month according to statistics compiled 
by the U. S. Geological Survey. The average for the 
month was 277,000,000 kwh per day, an increase of 
2.6 per cent above the average daily production in 
July, which is about the normal change from July to 
August. The September figures have not yet been com- 
piled but are expected to exceed those of August. 

The average daily production of electricity by the 
use of water power in August was less than in July, 
indicating the beginning of the seasonal decrease in 
output by water power due to decreasing stream flow. 
The heavy precipitation early in September may tend 
to reduce the usual seasonal decrease in the flow of 
streams to some extent. 


TOTAL MONTHLY PRODUCTION OF ELECTRICITY FOR PUBLIC 
USE 


Produced by 


Per cent water power 

1934 1935 change (per cent) 

Million kilowatt-hours 1934-35 1935 
January 7,651 8,349 + 9 39 
February 7,066 7,494 + 6 40 
March 7,735 8,011 + 4 44 
April 7,458 7,817 + 5 46 
May 7,704 8,021 + 4 46 
June 7,490 7,873 + § 44 
July 7,617 8,372 +10 43 
August 7,722 8,586 +11 39 
September 7,207 
October 7,833 
November 7,609 
December 8,058 

91,150 


L. V. Sanderson has been appointed sales representa- 
tive for the American District Steam Company in 
Philadelphia and the State of Delaware with head- 
quarters at 1108 Otis Building, Philadelphia, Pa. 
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STEAM ENGINEERING 
ABROAD 


As reported in the foreign technical press 


British Station Installing 1900-Lb Boilers 


What will be the highest pressure installation in Eng- 
land is described in the September 19 issue of The Elec- 
trical Times. ‘This refers to the rebuilding of Brimsdown 
““A’’ Power Station of the North Metropolitan Electricity 
Supply Company, London, for which two 210,000 lb per 
hr Loeffler boilers have been ordered. These will gener- 
ate steam at approximately 1900 lb pressure, 940 F total 
temperature and will supply a 50,000-kw turbine-gener- 
ator. The high-pressure element of this turbine, of 
20,000 kw, will exhaust at 195 lb to both live-steam and 
flue-gas reheaters, from which the steam will be returned 
to the 30,000-kw low-pressure element. Inasmuch as 
a Loeffler type boiler must be started by an auxiliary 
supply of steam some of the newer existing 150-Ib boilers 
will be left for this purpose, also for supplying some steam 
to the low-pressure element of the turbine in an emer- 
gency. 

These two boilers will be constructed in England by 
the Mitchell Engineering Ltd., which has the British 
rights for the Loeffler boiler. 


Superposition in the Marine Field 


Under the title, ‘Modern Marine Steam Progress,”’ 
J. S. Gander, in the September‘issue of Engineering and 
Boiler House Review describes the installation of a Sulzer 
mono-tube steam boiler in the cargo liner ““Kertosono”’ of 
the Rotterdamsche Lloyd Line. This unit will operate 
at 880 lb pressure, 705 F total steam temperature and will 
supply steam to a high-pressure turbine that will exhaust 
to the present low-pressure plant consisting of Scotch 
boilers and a Parsons turbine operating at 200 Ib. One 
of the original five Scotch boilers has been removed to 
make room for the new steam generator and another will 
be employed to provide steam for auxiliaries. The 
superimposing of the high-pressure unit will increase 
the shaft horsepower from 4500 to 5800 and is expected 
to increase the speed of the vessel from 13 to 15 knots. 


Errors in Coal Analysis 


Zeitschrift des Vereines deutscher Ingeneuire reviews 
the report of a committee appointed by the V. D. I. to 
consider revising the rules for acceptance tests of steam 
boilers. It was the opinion of this committee that the 
principal probable error, which must be taken into ac- 
count when specifying tolerances, lies in determination 
of the calorific value of the fuel. This view was substan- 
tiated by comparison of analyses from sixteen labora- 
tories which varied to an extent that would account for 
3 per cent in boiler efficiency. As a result V. D. I. has 
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prepared special rules for sampling and arranged for 
maintaining a list of approved laboratories. 


New High- and Low-Level Alarm 


Engineering of September 20 reports the recent 
Engineering and Machinery Exhibition at Olympia. 
Among the numerous exhibits described is a new high- 
and low-water alarm for steam pressures up to 900 Ib 
which has been bought out by Hopkinsons Ltd. This 
alarm is external to the boiler and contains a spherical 
float of alloy steel, the lever of which is attached to a 























Section through alarm 


cylindrical spindle mounted eccentrically in knife-edge 
bearings. Rotary movement of the spindle causes the 
valve to uncover or cover small holes in the seat leading 
to two whistles. When the maximum high-water level is 
reached steam is admitted to the high shrill-note whistle 
and when low water is reached steam is admitted to the 
other whistle which gives a deep resonant note. The 
seats are held in place between flanges and can be set to 
adjust the water level as required by rotating them in 
accordance with a graduated scale. 


H.CO, 


Boilers 


Corrosion in High-Pressure 


“With the exception of distilled water, every water 
treated by the customary softening methods in the past 
has contained carbonate, as a result of the addition of 
excess soda, whether it was freed of its hardness by chemi- 


cal softeners or by an exchange of bases,” says Archiv fur 
Warmewirtschaft und Dampfkesselwesen of May 1935. 
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WHY be satisfied 
with anything less than 


HAYS 
ACCURACY? 


At Right — Hays-Car- 
rick-Cochrane Panel at 
new Municipal Plant, 
Marshfield, Wisc., 
which houses a Hays 
Draft Gage, Hays Com- 
bustion Recorder, Car- 
rick Master Steam 
Pressure Regulator, 
Carrick Boiler Loader 
and Furnace Draft 
Regulator, and a Coch- 
rane Steam Flow Meter. 
Also note push button 
stations for changing 
from automatic to 
manual control. 

















ee it’s draft gages, flue 

gas analyzers, or complete com- 
bustion indicators and recorders, if you 
install Hays instruments, you are assured 
of the maximum in accuracy and de- 
pendability. Hays Combustion Instru- 
ments are available in a complete range 
of types and sizes to meet every require- 
ment. In combination with any of the 
many types of Hays tailor-made instru- 
ment panels, they give power plants 
centralized control boards unsurpassed 


in convenience and appearance. 


Write for complete information or call 
our nearest representative—trained 


specialists are located in all leading cities. 


THE HAYS CORPORATION 
750 E. EIGHTH ST. 


MICHIGAN CITY, IND. U.S.A, 





Combustion Instrument Specialists Since 1901 


‘are interlocked and appear to penetrate the metal. 








In late years it has been recognized from tests in Germany 
that in high-pressure boilers H2CO; corrosion may occur 
under certain conditions but that such corrosion is not 
to be feared in boilers operating at less than 750 lb work- 
ing pressure, or that operation at 1500 lb may be free 
from such corrosion if the feedwater is free of carbonates. 
It appears that the COs, freed by splitting up soda, com- 
bines with water to form HzCO; and at temperatures of 
about 500 F the iron is attacked to form iron carbonate 
and free hydrogen, both of which spread rapidly over the 
boiler surface in the form of very small rhomboids that 
The 
color is essentially yellowish-white. The outwardly ap- 
pearing grey-brown coloring comes from the very small 
amounts of ferrous and ferric oxides present. 

From these observations it was concluded that boilers 
operating at more than 750 lb pressure should be fed only 
with water having a content of fixed carbonate not in 
excess of 10 mg per liter of CO... A complete soda separa- 
tion does not occur. 

Conceding that many boilers have operated almost 
continuously at pressures of 700-900 lb without showing 
evidence of such formations, the author attributes this 
to the protective action of caustic soda and sodium sul- 
phate or phosphate. 


Properties of Low-Nickel Steels Contain- 
ing Manganese 


The mechanical properties of steels containing 0.3 to 
0.4 per cent carbon, 0.7 to 1.35 per cent manganese and 


| 0.5 to 2.0 per cent nickel are discussed in a paper by R. H. 
| Greaves before the September 1935 meeting of the Jron 
_and Steel Institute of Great Britain. 


The amount of nickel which may be added to a steel 
containing manganese without inducing a tendency to 
air-hardening decreases from well over 2 per cent with 
a manganese content of 0.7 per cent down to | per cent 
when the manganese content is 1.35 per cent. In the 
normalized condition a steel containing 0.35 per cent 
carbon, 1 per cent manganese and | to 1.5 per cent nickel 


_ gives good mechanical properties, better than those pre- 
| viously obtained from 3 per cent nickel steel, 1.4 per 


cent manganese steel and silico-manganese high elastic 
limit steels. Steels of approximately this composition 


| do not harden fully when quenched in oil in sections *4 
| in. thick, and are subject to mass effect, but their me- 








chanical properties in the oil-hardened and tempered 
condition are equal to those for which 3 and 4 per cent 
nickel steels of similar carbon and low manganese con- 
tents are frequently employed. 

An increase in manganese and nickel, either separately 
or together, within the limits investigated, diminishes the 
mass effect and leads to an improvement in the mechani- 
cal properties without serious loss of ductility. It also 
increases the range of temperature from which quenching 
may be carried out without adversely affecting the me- 
chanical properties. Steels of the higher manganese and 
nickel contents are susceptible to temper-brittleness, 
but air-cooling of sections 34 in. thick does not give rise 
to a low impact figure. All the steels investigated hard- 


ened fully on water-quenching, and the relatively high 
manganese content of some of them did not result in 
| any cracking. 
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It would appear that, in suitable circumstances where 
a yield point of over 32 tons per sq in. is required, with 
maximum load over 45 tons per sq in. and impact figure 
over 40 ft-lb, oil-hardened and tempered steels contain- 
ing 0.35 to 0.40 per cent of carbon and 1.0 to 1.3 per cent 
of manganese with about | per cent of nickel may be used 
with economic advantage in sections up to 2!/2 in. in 


thickness in place of 3 per cent nickel steel. If a high | 


impact figure is required and the section to be treated 
exceeds 21/. in. in thickness, it may be necessarv to reduce 


the carbon to 0.30 and increase the nickel to 1.5 or even | 


2.0 per cent, since steels with the higher carbon content 
indicated above, when treated in large sections, give an 
impact figure below 40 ft-lb. 





Concrete Cooling Towers 


Because of the location of many power stations at sites 


removed from large bodies of water suitable for condens- | 
ing purposes, cooling towers have long been extensively | 
used in England. For this.purpose concrete towers are | 


coming into favor and have superceded those of wood 
especially for towers over a certain capacity. B. Frisby 
in the September issue of 7’e Power and Works Engineer 
discusses this trend and points out that an outstanding 
advantage of the concrete tower is its durability com- 
pared with the wooden tower and that the small main- 
tenance over a period of years more than offsets its 
greater initial cost. Furthermore, air infiltration is 
avoided in the concrete tower and a better draft is avail- 
able owing to the greater height to which they can be 
built, and the hyperbolic design makes dead space negli- 
gible. 

The largest of such towers constructed in England to 
date are those serving the Hams:Hall Station at Birming- 
ton with a capacity of five million gallons per hour. 
Other outstanding examples cited by the author are two 
towers for the Croydon Station, the latest of which has 
an hourly capacity of 1,500,000 gallons, is 140 ft in 
diameter and 184 ft high. 


Oil from Coal 


The Fuel Economist (London) for September describes 
the new large plant of the National Coke & Oil Company 
at Tipton which is about to start commercial operation 
for the production of oil from coal. It includes a 
briquetting plant for handling the fines screened from the 
residual coke. 

The process is one of destructive distillation which 
yields as final products only coke and light oils, the heavy 
oils and tars which occur in the initial distillation of the 
coal are re-cycled and crushed. The raw coal is treated 
in pulverized form admixed with about 50 per cent heavy 
oil from the carbonization of previous charges. A rotat- 
ing horizontal cyclindrical steel retort, without refrac- 
tory lining, is employed and is externally fired. 

With abundance of coal but no local oil resources 


England is obviously receptive to processes for obtaining | 


oil from coal. 
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... the better 


FLEXIBLE 
COUPLING 


It gives full compensation for the un- 
avoidable errors in alignment or those 
caused by changes of temperature, wear 
of bearings, vibration, etc. It also per- 
mits free lateral float to connected shafts, 
and prevents torsional motions. 


Stronger than the connecting shafts. 
Capable of sudden reversals at high 
speed or heavy duty, slow speed drives 
without strain to the coupling or the 
machinery it connects. Simple in design, 
no springs, pins or bushings, self-aligning, 
silent and vibrationless at all times. 


Exclusive features and improvements 
found in no other coupling distinguish 
the POOLE FLEXIBLE COUPLING 


as the superior product in its field. 


Get the Real Facts. Write for our 
Catalog No. 34. No obligations. 


POOLE FOUNDRY 
& MACHINE CO. 


BALTIMORE, MD. 


























GLOBE 


Tonean lron Seamless Tubes 


for Increased Corrosion Resistance 
Made by 


THE FOREN PROCESS 


GLOBE STEEL TUBES CO. 


60 East 42nd St., New York City Milwaukee, Wis. | 





























CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 





FIED SERVICE GUARANTEE. Analyze before you buy as 
COST MORE>? Yes, but THE BAYER COMPANY cheap imitations may be of- 
WHAT SERVICE LIFE! 4067 Park Ave. St. Louis, U.S.A. fered. 





LEAKLESS COCKS . oft 








SPLIT-GLAND | Tr haselistcet 
—mamner GAGES HAVE | Pag ers a 

















GAGE crass 
PACKING NUTS 


ROUNDGLASSESFOR1000LBS. \ * 


ow ERNST “SPLICGLAND? 


ADJUSTABLE WATER GAGES, VERTICAL or INCLINED 
Gage Gl etn 
Selaty ot MPO ARDS | COLUMNS & TRY COCKS FOR PRESSURES UP TO 2000) LBS. 


Write for Catalog C ERNST WATER COLUMN & & GAGE CO. «>» Newark, N.J. Offices i in rene Cities 


AT ANY 4 
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Recording of 
Turbine Blade Erosion 


By ROBERT P. HOOPER, Testing Engr., 


Brooklyn Edison Company, Inc. 


ROSION of turbine blades caused by the formation 
EF of moisture in the steam in the low-pressure ends 
of turbines increases with increased efficiency of 
turbine design. In recent years the turbine manufac- 
turers have attempted to reduce the increasing rate of 
erosion by the use of erosion resistant alloys for turbine 
blades and by the improvement of stage drains for re- 


—a 
bias 





Fig. 1—Photographing turbine blades to obtain 
profile record 


moving the moisture as it is formed. Despite these 
efforts erosion of the blades on the low-pressure end of 
steam turbines is not uncommon. 

Several methods are in use for following the progress 
of blade erosion. One method consists of comparing 
successive plaster casts of certain typical blades. While 
satisfactory results can be obtained by this method it is 
rather cumbersome to use. A preferable method con- 
sists in obtaining an accurate profile of individual blades 
by the use of blueprint paper or sensitized photographic 
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Fig. 2—Typical profile record of eroded turbine blade 


paper. The photographic paper has the advantage 
over the blueprint paper in that it gives a sharper outline 
of the blade and requires considerably less time of ex- 
posure. The paper, which is preferably a contrast paper 
of the type “Azo F 4,”’ is held in close contact with the 
blade by a sheet metal form moulded to the shape of the 
blade. With the turbine spindle removed exposure is 
made by any convenient type of electric lamp, but with 
the spindle in place it was found that a tubular lamp of a 
size which could be inserted between the blades gave 
most satisfactory results. When using a 25-watt lamp 
an exposure of from 10 to 15 sec has been found sufficient. 

Fig. 1 illustrates the procedure of taking the photo- 
graphs and Fig. 2 shows a photographic record (positive) 
of erosion of the leading edges of blades in the last wheel 
of a large modern turbine. The blade material is stain- 
less steel. By taking these photographs periodically of 
identical blades it is possible to compare the photographs 
from time to time and thus follow the progress of erosion. 

H. M. Cushing of the Buffalo General Electric Com- 
pany was probably the first to suggest and use blueprint 
paper for this purpose. 


Oscar Junggren Dead 


Oscar Junggren, who was associated with the develop- 
ment of many of the most important advances in the de- 
sign of large steam turbines and who until recently was 
design engineer of the General Electric Company’s tur- 
bine department, died on September 24 at his home in 
Schenectady, N. Y., following an illness of about fourteen 
months. 

A prolific inventor, he had some 130 patents to his 
credit, most of which were related to new developments 
in the steam-turbine field. Indicating his fertility of 
imagination is the fact that, during the eight years from 
1924 to 1932, thirty turbines, each representing an en- 
tirely new design and marking an outstanding achieve- 
ment in the field, were developed under his direction—an 
average of one new turbine design nearly every four 
months. 

Mr. Junggren was born in Landskrono, Sweden, Janu- 
ary 10, 1865. He attended the engineering college of 
Malmo in that country, graduating in 1885 from the 
mechanical engineering course. Coming to this country, 
he was first employed by the Edison Electric Company in 
New York City in 1889. In 1891 he became associated 
with the General Electric Company, working on the de- 
sign of steam power equipment in Schenectady, and con- 
tinued in this general field throughout his long career. 
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7 WAYS 


Your Reliance Alarm will “Earn 
its Salt’’ (and Save your Bacon!) 


») 


VD 


1. When a gage glass breaks, Reliance guards the 
boiler while it’s “blind.” 

2. Depend on your automatic feed—but if water fails 
or pump stops, Reliance warns you in time. 

3. If yours is a hand-fed boiler, Reliance is your de- 
pendable assistant. 

4. A Reliance alarm assures more constant water 
level, therefore cheaper power. 

5. It makes it safe for you to leave the boiler un- 
watched for brief periods. 

6. Your Reliance alarm spots those water surges for 
you promptly. 

7. Even start a fire under a 
dry boiler (it’s been done!) and 
the expanding air will blow the 
Reliance whistle. 

No two ways about it—at 
$1.58 per year, you can’t af- 
ford to run a boiler without 
Reliance safety. Write for the 
information. 


The Reliance Gauge 
Column Co. 


5942 Carnegie Ave. 
Cleveland, Ohio 


SAFETY WATER COLUMNS 


More than 5,000 boiler plants of 
all types and sizes will testify to 
the outstanding performance of 
“Diamond’’ products: 








DIAMOND “AUTOMATIC VALVED” SOOT BLOWERS 
DIAMOND “LOOSE WINDOW” HIGH PRESSURE GAUGES 
DIAMOND BI-COLOR WATER GAUGES 





DIAMOND HIGH PRESSURE WATER COLUMNS 
DIAMOND DESLAGGERS | 
DIAMOND AUTOMATIC AIR PUFF SOOT BLOWERS | 
DIAMOND DEDUSTERS 
DIAMOND SMOKE INDICATORS 
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Diamond Power Specialty Corporation 


DETROIT, MICHIGAN 
Diamond Specialty Limited 


WINDSOR, ONTARIO 
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with existing pipe connections. Com- ™/ 
plete information and prices onrequest. 








hy 2 Inalist of 24 reasons for modernizing 
* industrial equipment, published re- 
cently by a leading industrial magazine, 14 apply 
directly to the replacement of old traps with Arm- 
strongs. Every consideration of economy and full 
steam utilization calls for modern trap installations 
throughout a plant. Ask for this list. 


How ? 1 For locations without any 


traps or with obsolete ones. 

The modernizing of a steam plant includes the cor- 
rect application of steam traps. The Armstrong 
book is the most complete handbook published on 
this subject. It is free. There is an Armstrong rep- 
resentative near you who will gladly give you any 
special help needed. 


2. For locations with old Armstrong Traps 


You can have the latest improved Arm- 
strong trap with very little effort or 
expense by installing a new cap and 
mechanism in the old body. This can 
be done without removing the trap and 
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COMBUSTION 


BOUND VOLUME 








NUMBER SIX (July 1934 to June 1935) 





Orbers are now being taken for bound copies 
of Volume VI of COMBUSTION. Place an 
order now for your copy. The binding will be 
identical to that of former volumes, namely, red 


library buckram with gold lettering on the back. 
PRICE $6.00 Postage prepaid 


NOTE: We can supply a limited number of 
Vols. 11,111, 1V and V at the following prices: 


Vol. II (July 1930 to June 1931) . . . . . . $9.00 
Vol. III (July 1931 to June 1932) . . . . . . $8.00 
Vol. IV (July 1932 to June-July 1933) . . . . $7.00 
Vol. V (June-July 1933 to June 1934) . . . . $6.50 


Send your order to 


COMBUSTION PUBLISHING COMPANY, INC. 


200 Madison Avenue New York 
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NEW CATALOGS 
AND BULLETINS 


Any of these publications will be sent on request. 








Air-Operated Combustion 
Control 


A 32-page bulletin entitled ‘‘Air-Oper- 
ated Combustion Control’ and designated 
as No. 102, is being distributed by Bailey 
Meter Company. This describes a com- 
plete combustion control system which 
automatically maintains steam pressure, 
combustion efficiency and furnace draft. 
It explains in detail how the system ties in 
with the company’s boiler meter to auto- 
matically readjust fuel-air ratio. Dia- 
grams and photographs illustrate how the 
system may be applied to boilers ranging 
in size from 200 hp up, and fired either 
with fuels in suspension or with stokers. 


Blow-Off Valves 


Yarway forged-steel blow-off valves for 
600 to 1500 lb working pressure of the 
single and tandem type are described in a 
new bulletin issued by Yarnall-Waring 
Company. A table of dimensions for vari- 
ous sizes of valves is included. 


Blowers 


Bulletin 21-B-17 descriptive of Vic- 
tor-Acme rotary positive blowers has 
just been issued by Roots-Connersville 
Blower Corporation. The power econo- 
mies that are possible when moving vary- 
ing volumes of air by the blowers, are il- 
lustrated by a diagram. Other operating 
characteristics of known, controlled vol- 
umes, positive air movement, freedom 
from internal seal or lubricant, are de- 
scribed, along with illustrations of the 
Types “SB” and “AFS” designs. A se- 
lection table, giving net capacities at 
listed speeds and pressures, is included. 


Boiler Plant Equipment 


“Boiler Plant Equipment”’ is the title of 
a four-page bulletin just issued by Com- 
bustion Engineering Company Inc. which 
describes, in condensed form, all the types 
of boilers, complete steam generating units, 
stokers, pulverized fuel systems and heat 
recovery equipment furnished by that 
company. Line drawings of such equip- 
ment are included. 


Calorimetric Testing Kits 


A circular has just been issued by Na- 
tional Aluminate Corporation describing 
the ‘‘Nalco” calorimetric Testing Kit. 
While these kits have been used in testing 
by that company for some time, they are 
only now being offered for sale. The circu- 
lar describes the construction of the kits, 
discusses calorimetric methods of testing 
and gives pricesof equipment and solutions. 


Cinder Reclaiming and Fly 
Ash Disposal 


United Conveyor Corporation has a new 
catalog describing its ‘““Steamatic System”’ 
for (1) returning cinders by pneumatic 
transport either directly to the furnace or 
to the bunkers, the flow of air being pro- 
duced by a motor-driven air pump or a 
multi-jet steam exhauster; and (2) the 
handling of fly ash to storage tanks or to 
the ashpit when the quantity is small. 
Diagrams showing various schemes for dis- 
posal are included as well as photographs 
of numerous installations. 


Electrodes 


Murex heavy-coated electrodes for weld- 
ing are covered in a well-illustrated 16-page 
catalog issued by Metal & Thermit Cor- 
poration. The welding of mild commercial 
steel and various new alloy steels is dis- 
cussed and a section is devoted to repair 
and maintenance welding. 


Feedwater Heaters 


Feedwater heaters of the deaerating 
type, built to meet individual plant re- 
quirements, are described and illustrated 
in a bulletin just issued by Worthington 
Pump and Machinery Corporation. Heat- 
ers of both cylindrical and rectangular 
cast-iron plate design are included. 


Fuel-Burning Practice 


“Industrial Coal-Burning Equipment” 
is the title of a 20-page bulletin issued by 
Appalachian Coals, Inc. This analyzes a 
recent survey by the Market Research De- 
partment of that company covering 7284 
industrial steam plants in eight states. It 
summarizes by states and as totals the 
number and types of fuel-burning equip- 
ment, the average horsepower per unit of 
each type, the total annual coal burned and 
the coal per horsepower. Similar informa- 
tion is included asto boilers. The states 
covered are Georgia, Indiana, central and 
eastern Kentucky, lower Michigan, North 
Carolina, western Ohio, South Carolina 
and western Tennessee. The compilation 
presents what is believed to be a represen- 
tative picture of industrial boiler and fuel- 
burning practice. A detailed study of the 
tabulations presents a wealth of informa- 
tion that should be most useful in fuel 
market studies. 


Steam Accumulator 


Bulletin RA-35-5, descriptive of the 
Ruths steam storage systems, has recently 
been released by Foster Wheeler Corpora- 
tion. This new bulletin includes charts 
and illustrations showing that when the 
steam production exceeds plant demand 
the surplus is stored in the steam accumu- 
lator, by condensing it in the water con- 
tained in the accumulator. When the 
processing departments of the plant require 
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more steam than the boilers are produc- 
ing, at their fixed rate, the automatic 
valves on the accumulator open and release 
steam for process work at the pressure 
required in the processdepartments. This 
arrangement is shown diagrammatically 
in the bulletin and examples are given of 
installations, and actual flow charts show 
the ability of the accumulator to absorb 
and release steam as required. 


Steam-Driven Compressor 


The Ingersoll-Rand steam-driven air or 
gas compressor (Type XPV) which is a 
new machine in everything but name, is de- 
scribed in detail in a new 48-page profusely 
illustrated catalog. Boiler plants today 
are seldom —esigned primarily to furnish 
steam for reciprocating engine-driven ma- 
chinery. On the contrary, the steam- 
driven compressor is usually chosen to fit 
into the existing steam-plant conditions 
with a view to maintaining the proper 
steam balance of the plant asa whole. For 
this reason the ‘““‘Type XPV” compressor 
has been developed around a standardized 
set of frames and running gears. For each 
of these there has been developed a wide 
range of sizes of steam cylinders to take 
care of varying steam requirements. Like- 
wise, in addition to the standard two-stage 
100-lb compressing end for each of these 
frames, a wide range of sizes and types of 
compressor cylinders is available to take 
care of special compressing problems. 
Many combinations of governing and regu- 
lating equipment have been developed to 
insure proper regulation under every pos- 
sible set of conditions. These are dis- 
cussed. 


Stoker Unit 


The new ‘‘C-E Stoker Unit,’”’ applicable 
to all types and sizes of boilers from small 
heating units to power boilers developing 
up to 400 hp, is described in a folder re- 
cently issued by Combustion Engineering 
Company, Inc. This unit is made in 
both the center- and side-retort arrange- 
ments and employs a combination of screw 
and reciprocating raw feed for the coal, al- 
ternate fixed and moving grate bars having 
ports through which air from the inte- 
grally mounted fan is admitted. A con- 
stant speed motor is employed to drive 
the stoker but by means of a variable 
speed transmission sixteen rates of coal 
feed are attainable. 

The new stoker unit reflects Combustion 
Engineering Company’s long and vast ex- 
perience in designing, manufacturing and 
installing stokers for every type of coal 
and practically all types of boilers, and 
particularly its 25 years’ experience in 
the production of single-retort underfeed 
stokers. 

The folder, besides clearly illustrating 
all details of the stoker unit, also shows a 
number of representative installations 
that have been made in factories, laun- 
dries, greenhouses, dairies, hospitals, 
churches, schools, apartment houses, ho- 
tels, warehouses, etc. 


Zeolites 


The mining, processing, manufacture 
and uses of zeolites are covered in a 34- 
page booklet issued by The Permutit 
Company. The text is based on a paper 
by Eskel Nordell of the technical depart- 
ment of that company which was presented 
at the Michigan Conference on Water 
Purification, but the 84 illustrations include 
many that were subsequently added. 
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To Promote Lubrication 


Engineering as a Career 

In response to a demand for some organized method of 
supplying authentic information on industrial lubrication 
problems, there has been established the Industrial Lubri 
cation Council, Inc., a non-profit organization for educa- 
tional purposes with headquarters at 51 East 42nd Street, 

New York. The aims and objectives of the Council, may 

be summarized as follows: 

1. Advancement of the art and science of machine lubrication 

2. To provide adequate equipment and personnel to conduct 
general education on the fundamentals and practice of machine 
lubrication. 

3. To develop and establish in the technical and trade schools and 
colleges the profession of lubrication engineering. 

1. To stimulate throughout general industry a greater interest in 

fine lubrication and the acceptance of the lubrication engineer 
as a member of the engineering staff of industrial plants. 
To provide reasonable and sound technical material in the form 
of special articles, textbooks and bulletins for the continual 
training of the lubrication engineer in general industry and his 
information as to the latest thought and practice and experi- 
ments under way. 

i. To establish and maintain a clearing house for the exchange of 
ideas on all problems of application and research on the broad 
subject of lubrication for the benefit of the membership of the 
Council and educational institutions. 

’. To conduct conferences and meetings and to provide an open 
forum for discussion of specific lubrication problems, to provide 
and give lectures and to provide facilities for demonstrating 
whatever is new in the field of machine lubrication. 


Due to the economic changes of the past decade, there 
has been a general extended employment by the manu- 
facturing industries of the plant lubrication engineer, a 
trend well along. These men, as a rule, are used for the 
purpose of reducing the cost of lubrication by making the 
cheapest oils obtainable do the work in order to justify 





There has been no method of in- 


their employment. 
structing these industrial lubrication engineers on the 


finer points of lubrication. They have no uniform man- 
ner of handling their problems. 

When general industry demands lubrication engineers 
to be members of their maintenance staffs, they should be 
able to secure through the regular channels men of suffi 
cient initial training to handle the usual lubrication prob 
lems presented by every plant. There has never been a 
definite plan for the uniform training of lubrication engi 
neers, due to the lack of authorized textbooks on the 
subject. 

Uniformity of lubrication practice does not and never 
has existed. Therefore, when it comes to the method of 
extending the use of lubrication engineers throughout 
general industry where several thousand men can be em 
ployed in the future, it is necessary to establish some uni 
form manner of teaching the fundamentals. 

There has been prepared a standard textbook or course 
of instruction in lubrication engineering for the technical 
and trade schools, colleges and universities so that engi 
neering students can be properly trained for future em 
ployment in this branch of mechanical engineering. 

These advantages will be extended also to the engineers 
who are now employed in the plants and shops of indus- 
try. This will be done through a correspondence instruc- 
tion course along with a regularly issued series of infor 
mation bulletins on the latest practical developments in 
the many subjects covered by ‘‘lubrication,’’ and finally 
by a handbook, the forty-five chapters of which thor 
oughly cover the modern thought and practice on this 
important subject. 





COMBUSTION EFFICIENCY IN POWER PLANTS 


A complete knowledge of Fuel and Combustion Engineering is now a necessary factor 
with all power plant operators, if the maximum efficiency from the fuel and the equip- 


ment is to be obtained. 


Tremendous power plant savings are being obtained in large utilities and industrial con- 
cerns everywhere, and operators are profiting through increased wages because of savings 
effected. With fuel costs mounting every day, combustion engineering on the part of 
every power plant man is necessary to keep costs down-——and for the past 20 years the 
Hays Institute through its easy reading, practical, non-technical, low cost, Home Study 
Course is helping hundreds of operating men and companies bring this about. 

If you are a manager interested in lower plant costs, if you are an engineer or fireman 
interested in advancement write today for our Free Book ‘“‘Opportunities for the Com- 
bustion Expert and Lowering Power Plant Costs’’ which gives full particulars. 


obligation to you of course. 





A FEW OF OUR MANY FRIENDS 


No. men enrolled 


Armour & Co.... ; . 66 
Stone & Webster...... : 93 
Commonwealth Edison Co. 76 
Kentucky & W. Va. Power Co. 25 
Electric Bond & Share Co.... 43 
Combustion Engineering Co 35 
Corn Products Refining Co 27 
Wilson & Co........ 33 
No Pet Milk Co. eters 18 
Texas Power & Light Co 25 
Nebraska Power Co.......... 35 
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Peoples Gas, Light & Coke Co. 18 

















POSITIVE, POWERFUL, HAIRTRIGGER ACTION 
The Floatless HI-LO Alarm Water Column 


Send for celluloid 
working model and 
Catalog WC-1803. 





YARNALL-WARING CO. 





using Balanced Solid Weights. 


PHILADELPHIA, PA. 
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EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 85 water-tube and h.r.t. boilers were placed in 
August 





Number Square Feet 
August 1935.. Crete dea theres he Mery ee 85 253,313 


August 1934. 93 365,642 
January to August (inclusive, 1938).. 649 2,095,990 
Sy SN, BOonbnsck0s vane wow se dous cnc 620 1'835,488 





NEW ORDERS, BY KIND, PLACED IN AUGUST 1934-1935 
August 1934 August 1935 





——, 


Number Square Feet 


218,463 
34,850 


253,313 


nuiineannaiiag 

Kind Number Square Feet 

Stationary: 
Water tube. 


7 58 
Horizontal return ‘tubul: ar. 


35 


56 
29 


305,266 
60,376 
365,642 


93 85 





Mechanical Stoker Sales 


Orders for 269 stokers, Class 4* totaling 47,355 
reported in August by 68 manufacturers 


were 


hp 





Installed under 





Fire-tube Boilers Water-tube Boilers 





No. Horsepower No. Horsepower 
August 1035.......... 193 24,298 76 23,057 
August 1934. : 191 25,002 50 18,891 
January to August (inclusive, 1935 5). 875 116,866 374 143,044 
Same period, 1934 Meeaces ee 110,991 338 132,578 





* Capacity over 300 Ib of coal per hr. 


Pulverized Fuel Equipment Sales 
Orders for 17 pulverizers with a total capacity of 79,550 Ib 
per hr were placed in August 

STORAGE SYSTEM 


A 

















Pulverizers Water-tube Boilers 
i 2 
; $2 
n 5 ] 
sg 8 25 gg Py 
Se fe rod 3 - 
y on @ bo gs &§ 
2 ee 8 Bs a @ $3 
8 oa *% s= ak Bm 
= Aw bad ok & oe oe 
a eo we os (7) nax~ So 
= ae GC) Bnet 2 238 =o 
4°, g gs a5 
o OF ° oo = og ° 
& Ze 2 BA Z && BS 
MEER vied ck oo ee <~<S. ‘aeee ove. ~ ees” Shaan 
itchy 66 - oe. ker ae Se dete “ecards 
January to August 
(inclusive, aw ea es ae ee 7 eh ae ers 
Same period, 1934 . 2 l 1 46,000 * * * 
DIRECT FIRED OR UNIT SYSTEM 
Pulverizers Water-tube Boilers 
August 1935....... 17 8 9 79,550 15 78,384 762,580 
August 1934....... 21 16 5 143,270 15 79,088 1,107,800 
January to August 
_ (inclusive, 1935). 79 46 33 369,310 67 371,737 3,369,160 
Same period, 1934.. 69 50 19 456,180 52 350,663 3,762,320 
Fire-tube Boilers 
August 1935....... a eee 7 ~~ oe Sia oi 
August 1934....... 3 2 1 2,400 3 616 23,000 
January to August 
(inclusive, 1935) . 3 3 3,300 3 6,130 32,500 
Same period, 1934.. 7 2 5 7,200 8 8,116 64,000 





* Data not available. 
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ELECTRUNITE 





ste} 9.8 3 TUBES 
A MODERN type boiler tube of steel or rust-re- 
sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
by the electric resistance method. 
The weld is as strong as the wall. Diameter, concen- 
tricity and wall thickness are absolutely uniform. 
Inside and outside surfaces are smooth and free from 
scabs, slivers and rolled-in scale. Tubes are full- 
normalize-annealed, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. 
Because of these features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time 
and labor, and add to the safety and life of equipment. 


Made in a full range of sizes for fire-tube or water-tube 
boilers. Write for literature. 
l N oe 


STEEL AND TUBES, 
; - OHIO 


7.10)0)0,@ 4 an ga 


CLEVELAND 


SUBSIDIARY OF REPUBLIC STEEL CORPORATION 








Business Notes 


Combustion Engineering Company, Inc., announces 
the appointment of Wilson Machinery & Supply Com- 
pany, Inc., Lexington, Kentucky and William Frank- 
lin, Buffalo, New York, as representatives of its Indus- 
trial Stoker Division for the sale of C-E Stoker Units—a 
line of underfeed stokers applicable to boilers from the 
small size heating units to power boilers developing up 
to 400 hp. 


Ernst Water Column & pom Co., Newark, N. J. 
announces the appointments of MacDonald Sales & 
Engineering Co., 6312 Sherwood Rd., Philadelphia 
as representative for Philadelphia and Baltimore dis- 
trict; also H. C. Hartmann, 3617 Winnebago St., 
St. Louis, as district representative. 


John D. Swain has been elected vice president of 
Electro Metallurgical Sales Corporation. He has been 
vice president of The Linde Air Products Company and 
the Union Carbide Sales Company, which are other 
units of the Union Carbide and Carbon Corporation 
and has been actively connected with these units for 
a period of twenty years. 


Bernitz patent No. 1,393,606 and Snow patent No. 
1,627,349 have just been held valid and infringed by 
the United States Circuit Court of Appeal for the Third 
Circuit in the case of Bernitz Furnace Appliance Com- 
pany vs. Dillon B. Wilson. 
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INCORPORATES 


Special Features 


All Strong Forged Steel Traps are 
equipped with the patented Anti- 
Balancing Device, with or without 
Internal Strainer (also patented). Both 
are exclusive Strong features. 

All Strong Forged Steel Traps have 
Wear-Proof “*Anum-Metal” valves and 
seats of improved design. 

All Strong Forged Steel Traps are 
designed for service at high pressures 
and temperatures. 

All Strong Forged Steel Traps fur- 
nished with either screwed or flanged 
connections. 

Note 1: Regular Forged Steel Traps 
recommended for temperatures up to 
800 degrees Fahrenheit and pressures 
to 800 pounds. 

Note 2: Special Heavy Forged 
Steel Traps recommended for pressures 
above 800 pounds or temperatures to 
800 degrees Fahrenheit. 

Note 3: Forged Steel Traps con- 
structed with bodies and covers of 
special chrome steel and equipped with 
stainless steel buckets furnished on 
special order for temperatures above 
800 degrees. 

Prices quoted promptly on request. 





Strong Forged Steel 


STEAM TRAPS 


(800 and 80-S Series) 





All 80 Series Traps above No. 80 have 
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| 
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stainless buckets. 





ELIMINATES 
“Dribbling”’ 


The Anti-Balancing Device is 
a special feature particularly to be 
considered. It is fully covered 
by government patents which the 
makers consider basic; and no 
other trap manufacturer has been 
licensed to use it. 


As the name implies, this de- 
vice (even at a low rate of con- 
densation) practically eliminates 
the tendency to balance and 
“‘dribble’’—a most important fac- 
tor when you are contemplating 
the use of steam traps of the 
inverted bucket type. 

Write for Bulletin 62-BY which 
describes Strong Open and Inverted 


Bucket Steam Traps for pressures 
from zero to 1800 pounds. 


THE GTROND-CARLIGLE =<“ HAMMOND GO- 
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WEST THIRD STREET...CLEVELAND, 


Manufacturers of ‘‘Strong’’ Steam Traps 
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